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FOREWORD

The mission of the U.S. Geological Survey (USGS)
is to assess the quantity and quality of the earth resources
of the Nation and to provide information that will assist
resource managers and policymakers at Federal, State,
and local levels in making sound decisions. Assessment
of water-quality conditions and trends is an important
part of this overall mission.

One of the greatest challenges faced by
water-resources scientists is acquiring reliable
information that will guide the use and protection of the
Nation’s water resources. That challenge is being
addressed by Federal, State, interstate, and local
water-resource agencies and by many academic
institutions. These organizations are collecting
water-quality data for a host of purposes that include:
compliance with permits and water-supply standards;
development of remediation plans for specific
contamination problems; operational decisions on
industrial, wastewater, or water-supply facilities; and
research on factors that affect water quality. An
additional need for water-quality information is to
provide a basis on which regional- and national-level
policy decisions can be based. Wise decisions must be
based on sound information. As a society we need to
know whether certain types of water-quality problems
are isolated or ubiquitous, whether there are significant
differences in conditions among regions, whether the
conditions are changing over time, and why these
conditions change from place to place and over time.
The information can be used to help determine the
efficacy of existing water-quality policies and to help
analysts determine the need for and likely consequences
of new policies.

To address these needs, the U.S. Congress
appropriated funds in 1986 for the USGS to begin a pilot
program in seven project areas to develop and refine the
National Water-Quality Assessment (NAWQA)
Program. In 1991, the USGS began full implementation
of the program. The NAWQA Program builds upon an
existing base of water-quality studies of the USGS, as
well as those of other Federal, State, and local agencies.
The objectives of the NAWQA Program are to:

* Describe current water-quality conditions for a
large part of the Nation’s freshwater streams, rivers, and
aquifers.

* Describe how water quality is changing over time.

* Improve understanding of the primary natural and
human factors that affect water-quality conditions.

This information will help support the development
and evaluation of management, regulatory, and
monitoring decisions by other Federal, State, and local
agencies to protect, use, and enhance water resources.

The goals of the NAWQA Program are being
achieved through ongoing and proposed investigations
of 60 of the Nation’s most important river basins and
aquifer systems, which are referred to as study units.
These study units are distributed throughout the Nation
and cover a diversity of hydrogeologic settings. More
than two-thirds of the Nation’s freshwater use occurs
within the 60 study units and more than two-thirds of the
people served by public water-supply systems live
within their boundaries.

National synthesis of data analysis, based on
aggregation of comparable information obtained from
the study units, is a major component of the program.
This effort focuses on selected water-quality topics
using nationally consistent information. Comparative
studies will explain differences and similarities in
observed water-quality conditions among study areas
and will identify changes and trends and their causes.
The first topics addressed by the national synthesis are
pesticides, nutrients, volatile organic compounds, and
aquatic biology. Discussions on these and other
water-quality topics will be published in periodic
summaries of the quality of the Nation’s ground and
surface water as the information becomes available.

This report is an element of the comprehensive body
of information developed as part of the NAWQA
Program. The program depends heavily on the advice,
cooperation, and information from many Federal, State,
interstate, Tribal, and local agencies and the public. The
assistance and suggestions of all are greatly appreciated.

ﬂM /7. /M

Robert M. Hirsch
Chief Hydrologist
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Abstract

In 1986, the U.S. Geological Survey imple-
mented a pilot program to test and refine concepts
for a National Water Quality Assessment
(NAWQA) Program. Washington State’s Yakima
River Basin was selected as one of the Nation’s
four surface-water pilot studies.

One of the objectives of the NAWQA pro-
gram, and the subject of this report, is to deter-
mine the occurrence and distribution of major and
trace elements in sediment, water, and aquatic
biota. Between 1987 and 1990, fine-grained (less
than 62 micrometers in diameter) streambed sedi-
ment was collected from 448 sites in the Yakima
River Basin. During 1-week periods in July and
November 1987, trace elements were measured in
filtered- (0.45 micrometer-pore size) water sam-
ples from 44 sites during steady-state flow condi-
tions. Of the 44 sites, 7 were termed fixed sites,
and were sampled monthly and during some
storms for the period 1987—90. These sites pro-
vide the coverage necessary to describe temporal
variations in element concentrations and loads.
Fixed sites were sampled for trace elements in
streambed sediment, water (filtered-water sam-
ples and unfiltered-water samples), suspended
sediment, and aquatic biota. Aquatic biota from
34 sites were sampled for trace elements during

the period 1989-91. Aquatic biota include plant
tissue (algae, curlyleaf pondweed, waterweed,
and coontail), fish (rainbow trout, mountain
whitefish, sculpin, brook trout, bridgelip sucker,
largescale sucker, chiselmouth, carp, and cut-
throat trout), clams (Asiatic), and aquatic insects
(caddisflies, stoneflies, and mayflies).

The results of this study will provide multiple
lines of evidence to:

® Define spatial and temporal vari-
ability for major and trace ele-
ments in several media;

® Identify sources and describe
the transport and fate of trace
elements;

® Evaluate the effects of trace
elements on fish, benthic inverte-
brates, and algae.

The Yakima NAWQA data will be compara-
ble with data collected at 59 other NAWQA
basins throughout the United States so that the
status of trace elements in the Nation’s water can
be addressed.

Most element enrichment in the Yakima River
Basin results from natural geologic sources in the
forested landscapes of the Kittitas and mid-
Yakima Valley—primarily in the Cle Elum, Upper



Naches, Teanaway and Tieton Subbasins. These
areas are geologic sources of antimony, arsenic,
chromium, copper, mercury, nickel, selenium, and
zinc. Concentrations of arsenic, chromium, and
nickel in streambed sediment (as high as 45, 212,
and 260 pg/g [micrograms per gram], respec-
tively) are nearly 4 to 13 times higher than their
respective median concentrations in streambed
sediment of agricultural land-use areas in the
lower Yakima Valley. As a result of geologic
sources, several of these elements, including
arsenic, chromium, and nickel, leave chemical
signatures that are measurable in streambed sedi-
ment and suspended sediment of higher-order
streams, including the main stem. For example,
the median concentration of chromium in
streamed sediment in the Kittitas Valley (near the
geologic source of chromium) is nearly twice that
in the Yakima River at Kiona, located in the lower
Yakima Valley. Some of the geologically derived
elements, including chromium, nickel, and sele-
nium, are measurable in aquatic biota of higher-
order streams. In the Teanaway Subbasin alone,
concentrations of chromium and nickel in benthic
insects are, respectively, 4 to 52 times and 43 to
102 times higher than the minimum concentration
in the Yakima River Basin.

Distributions of element concentrations that
increase in areas affected by human activities
include arsenic, cadmium, copper, lead, mercury,
selenium, and zinc. These element concentrations
frequently are high in the streambed sediment of
Wide Hollow Creek, which drains urbanized and
lightly industrialized lowlands as well as agricul-
tural land. In Wide Hollow Creek, concentrations
of lead in sediment (63 pg/g) and benthic insects
(5.6 pg/g), respectively, are more than twice that
in streambed sediment from local geologic
sources and 15 times higher than that in caddis-
flies from a reference site not affected directly by
human activity. In addition to suspected urban
sources, lead may result from past applications of
lead arsenate. Concentrations of lead in soils of
apple orchards in the Yakima River Basin are as
much as 60 times higher than the median concen-

tration of lead in streambed sediment from local
geologic sources.

Suspended-arsenic concentrations in Sulphur
Creek Wasteway, an agricultural drain, range
from 4.9 to 20 pg/g and are the highest in the
Yakima River Basin. Arsenic may result from past
applications of lead arsenate—soils of apple
orchards in the Yakima River Basin have as much
as 36 times more arsenic than the median concen-
tration in streambed sediment from local geologic
sources. During the irrigation season, the June
contributions of suspended arsenic from Sulphur
Creek Wasteway (2 Ibs [pounds] per day) typi-
cally account for most of the suspended-arsenic
load (measured 6 miles downstream) in the main
stem. Between the Kittitas Valley and the mid-
Yakima Valley, the annual suspended-arsenic
loads during 1987-90 increased by as much as
threefold. During the irrigation season, in particu-
lar, about 2.2 Ibs of suspended arsenic per day
enter the mid-Yakima Valley over a 9.4 river-mile
reach that receives irrigation return flow from
Moxee Subbasin and Wide Hollow Subbasin.
This arsenic load represents about one-half the
irrigation-season load in the Yakima River above
Ahtanum Creek at Union Gap.

Concentrations of arsenic in filtered-water
samples from Sulphur Creek Wasteway and in the
main stem of the lower Yakima Valley are high
(exceed the 90th percentile (3 pg/L) for the
Yakima River Basin) in comparison to fixed sites
(<1 ug/L) in the Kittitas Valley. These high con-
centrations reside in waters affected primarily by
agricultural return flow. In addition to higher con-
centrations of arsenic in filtered-water samples
from agriculturally affected parts of the Yakima
River Basin, the load of arsenic in agricultural
drains probably represents a large proportion of
the arsenic load passing the Yakima River at
Kiona, the terminus of the basin. For example,
Sulphur Creek Wasteway has an annual stream-
flow representing only about 8 percent of the
annual streamflow at the Kiona fixed site, yet
accounts for nearly 20 percent of the fil-
tered-arsenic load at Kiona. Comparisons,
between loads determined from filtered-water



samples (an operational approximation of dis-
solved load) and loads determined from arsenic in
suspended sediment, show that the annual dis-
solved-arsenic loads at fixed sites in the lower
Yakima Valley are from four to nine times higher
than their respective suspended loads.

Fish taxa provide the most comprehensive
spatial coverage for arsenic, mercury, and sele-
nium; however, no single fish taxon is widely dis-
tributed across the Yakima River Basin. The
aquatic-insect taxon Hydropsyche spp. provides
the most comprehensive spatial coverage of any
single insect taxon. Concentrations of several ele-
ments, including cadmium, mercury, and sele-
nium, in various taxa (except sculpin) were higher
in the main stem of the lower Yakima Valley than
in the Kittitas and mid-Yakima Valley. In moun-
tain whitefish livers from the lower Yakima
Valley, the concentrations of mercury (1.3 ng/g)
and selenium (15 pg/g) are nearly twice that mea-
sured in mountain whitefish in the Kittitas Val-
ley—similar patterns also were observed for
largescale suckers. Compared with other studies
of mercury in liver tissue of pike and mud fish,
mercury concentrations in some mountain white-
fish in the lower Yakima Valley are indicative of
moderate enrichment. Sculpin were not sampled
in the main stem; however, concentrations in
some mid-Yakima Valley tributaries that drain the
Northern Cascades are about 10 times higher
(because of geologic sources of selenium) than in
Satus Creek, a lower Yakima Valley tributary.
Concentrations of selenium in sculpin in the
Yakima River Basin (mean and 85th percentile
values) also exceed those for sculpin in the
National Contaminant Biomonitoring Program.

INTRODUCTION

One of the most difficult issues facing water
managers today is protecting the Nation’s water
resources while maintaining viable industrial and
agricultural activities. Over the last several decades,
concern about the water quality of our Nation’s
waterways has intensified. Federal, State, and local
governments, as well as the public in general,

recognize the detrimental effects of major and
especially trace elements that enter surface waters
from point and nonpoint sources. When present in
excessive concentrations, these elements may cause
acute toxicity in the water column as well as
accumulate in the tissues of aquatic organisms to toxic
amounts, thereby altering the aquatic-community
structure. Trace elements enter the aquatic
environment from sources that include the weathering
of rocks and human activities.

Streambed sediment is derived primarily from
the physical and chemical weathering of rocks at the
Earth’s surface. Initially, rock is transformed into an
aggregate of loose material by physical weathering
processes, such as frost. The freshly disaggregated
rock surfaces are then subject to chemical-weathering
processes when water is present. Chemical-weathering
processes (hydration and hydrolysis, oxidation and
reduction, and the action of carbon dioxide) enable
some of the physically disaggregated rocks to dissolve
in water. Additionally, other rocks may be altered
chemically by reacting with ions present in water or
may remain totally unaltered by the action of water.
The physically, and sometimes chemically,
disaggregated rocks ultimately are transported to
surface water by the action of rain, ice, wind, and
animals (including man). Once in surface water,
streambed sediment is known as suspended sediment.
Trace-element concentrations in suspended sediment
often are inversely related to grain size because they
tend to sorb on sediment-particle surfaces (Horowitz,
1991; Forstner and Wittmann, 1979). Larger
streamflows (often capable of suspending larger
grain-sized sediment) normally carry lower
concentrations of suspended-trace elements;
conversely, higher streamflows (normally capable of
suspending only fine-grained-sized sediment)
normally carry higher concentrations of
suspended-trace elements.

Once in the aquatic environment, streambed
sediment becomes an important sink, or accumulator,
of potentially toxic trace elements like arsenic,
cadmium, copper, mercury, and zinc that enter streams
from point and nonpoint sources. Many of these
elements can be remobilized from streambed sediment
to overlying water. Some of these trace elements are
essential to aquatic biota. At the cellular level,
elements like copper and zinc chemically bond to
protein molecules and catalyze enzymatic reactions;
additionally, without these trace elements, organisms



would fail to grow or complete their life cycles
(Forstner and Wittmann, 1979). The same trace
elements, however, can be toxic at the cellular level in
aquatic biota when concentrations exceed those
required for cellular metabolism and, additionally, can
accumulate in aquatic biota and pass up the food
chain. Thus, contaminants can disrupt the structure of
the aquatic-biological community and through trophic
transfers and biomagnification can pose a risk to
consumers near the top of the food chain, including
humans.

Background

In 1986, Congress appropriated funds for the
U.S. Geological Survey (USGS) to implement a pilot
program to test and refine concepts for a National
Water-Quality Assessment (NAWQA) program
(Hirsch and others, 1988). The Yakima River Basin
was one of four surface-water-pilot studies selected to
refine NAWQA concepts (McKenzie and Rinella,
1987). The Yakima River Basin study included a
planning phase in 1986, a data-collection phase from
1987 to 1990, and a report-writing phase that began in
1991. This report, one of several topical reports for the
Yakima NAWQA study, presents the spatial and
temporal distribution of major and trace elements in
water, sediment, and aquatic biota.

The full-scale NAWQA program, which
entails operation of 60 combined surface-water and
ground-water study unit and covers about 60 to 70
percent of the Nations water use, began operation in
1991 (Leahy and others, 1990). The NAWQA
program will provide results that are useful in
understanding and managing water resources, and will
address national water-quality issues. Specifically, the
goals of the NAWQA program are to:

1. Provide a nationally consistent
description of current water-quality
conditions for a large part of the
Nation's water resources;

2. Define long-term trends (or lack of
trends) in water quality; and

3. Identify, describe, and explain, as
possible, the major factors affecting
observed water-quality conditions and
trends.

The program is perennial and will involve a
cyclic pattern of 3 years of active sampling followed
by a period of low-level sampling. This cyclic pattern
of sampling is sufficient to define long-term trends in
water quality. The water-quality issues addressed in
the program are broad, covering topics, such as
euthrophication, pesticides, major and trace elements',
fecal indicator bacteria, suspended sediment,
temperature, and aquatic biota.

Purpose and Scope

Most trace elements in the aquatic environment
result from natural sources; however, some trace
elements result from anthropogenic sources or a
mixture of natural and anthropogenic sources. With
traditional environmental studies, it is often difficult to
separate these sources and to assess the effects on the
aquatic environment. Similarly, with traditional
studies, it is often difficult to relate elements in water
and sediment media to land use or geology and even
more difficult to relate elements in water and sediment
media to element concentrations in aquatic biota.
Determining activities and conditions that affect the
distribution and bioaccumulation of trace elements,
therefore, entails a basinwide sampling of lower- and
higher-order2 streams. The purpose of this report is to
describe, to the extent possible:

(1) The occurrence and distribution of selected
elements in water, sediment, and aquatic biota of
the Yakima River Basin;

! Although definitions of the terms “major” and “trace” in
reference to element concentration are not precise, substances
typically occurring in concentrations of less than 1,000 parts per
million (< 0.1 percent) are considered trace elements (Forstner
and Wittmann, 1979, p. 5). Elements typically occurring in con-
centrations of greater than 1,000 parts per million are consid-
ered major elements. In this report major elements are reported
in concentration units of percent and minor elements are
reportzd in concentration units of micrograms per gram.

2In this report, lower-order streams are defined as first- or
second-order tributaries and higher-order streams are defined as
third order or larger tributaries—the largest being the main stem
of the Yakima River. The smallest unbranched mapped
(1:24,000 map scale) tributaries are first-order tributaries,
streams receiving only first-order tributaries are second-order
tributaries, larger streams receiving only first- and second-order
tributaries are third-order and so on (Horton, 1945).



(2) The temporal variation for element concentrations
in filtered water and in suspended sediment at

selected sites;

(3) The suitability of surface water for preservation of
aquatic life and protection of human health;

(4) The major natural and anthropogenic sources in the
Yakima River Basin that affect observed
water-quality conditions; and

(5) Implications of the assessment study with regard to
future monitoring activities, assessment studies,

and water management.
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THE YAKIMA RIVER BASIN

The Yakima River flows 214.5 miles from the
outlet of Keechelus Lake, in the central Washington
Cascades, southeasterly to the Columbia River,
draining an area of 6,155 mi? (square miles) (fig. 1);
(Columbia Basin Inter-Agency Committee, 1964).
The Yakima River Basin is one of the most intensively
irrigated areas in the United States. The main stem and
its largest tributary, the Naches River, have perennial
streamflow with peak runoff occurring during peak
snowmelt, usually in April and May. The Bureau of
Reclamation’s Yakima Project has seven irrigation
divisions and provides water to irrigate almost
one-half million acres. The project facilities include 6
storage dams, 416 miles of canals, 1,701 miles of
laterals, 30 pumping plans, 145 miles of drains, 2
small power plants, and 74 miles of transmission lines
(Bonneville Power Administration, 1985). Many of
these waterways, most of which are natural streams,
convey agricultural runoff and drainage, livestock
wastes, and sewage-treatment-plant effluent to the
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main stem. Surface-water diversions account for about
60 percent of the mean annual streamflow from the
basin. Return flows, downstream of the city of
Yakima, contribute as much as 80 to 90 percent of the
flow in the lower main stem during irrigation season.
A schematic diagram of selected inflows and outflows
is shown in figure 2. Many of these inflows carry
agricultural return flow.

The Yakima River Basin contains a variety of
landforms, including the high peaks and deep valleys
of the Cascade Range, the broad valleys and basalt
ridges of the Columbia River Plateau, and the
lowlands. Altitude in the basin ranges from about 340
ft (feet) at the mouth of the Yakima River, to 8,184 ft
in the headwaters located in the Cascade Range.
Glaciation has carved deep valleys in the high
mountains, and currently, erosion by streams and
small glaciers continues on the steep gradients. Mean
annual precipitation in the basin ranges from 140
inches per year in the mountains to less than 10 inches
per year in Kennewick, near the mouth of the basin.
The eastern part of the basin consists of basalt flows,
which form ridges trending northwest-southeast with
valleys between them, and is more arid than the
western part that is forested and mountainous.

It is estimated that before 1880, anadromous fish
runs were more than 500,000 annually in the Yakima
River Basin. By 1905, however, construction of
irrigation projects, including reservoirs, had affected
fish habitat and fish migrations. By 1920, anadromous
fish runs had declined to 12,000 per year and in the
1980s declined to less than 4,000 adults of all species
(Bonneville Power Administration, 1988). Currently,
the major factors considered to affect fisheries in the
basin are loss of fish habitat, mortality of smolts as
they migrate down the Yakima and Columbia Rivers
to the ocean, fishing pressures on the Columbia River
and in the ocean, and poor water-quality conditions.

Stream Reaches

The Yakima River descends from a water-
surface altitude of 2,449 ft at the foot of Keechelus
Dam to 340 ft at its mouth, downstream of Horn
Rapids Dam near Richland (fig. 3). The headwater of
Keechelus Lake and other tributaries flowing to the
lake range in altitude from about 2,500 ft to more
than 6,000 ft on the eastern slopes of the Cascade
Mountains. Because of physical characteristics, the

Yakima River Basin can be divided into three
distinctive river reaches (fig. 3). The upper reach
drains the Kittitas Valley, is high gradient, and has an
average streambed slope of 14 ft/mi (feet per mile)
that extends 67.5 miles from the foot of Keechelus
Dam to just upstream of Wilson Creek (river mile
[RM] 147). In this reach, the river is shallow and the
streambed is composed mostly of cobble and large
gravel with some boulders, sand, and silt. Rocks are
covered lightly with periphyton and slightly embedded
in sediment.

The middle reach drains the mid-Yakima Valley
and extends a distance of 39.5 miles from Wilson
Creek to Union Gap (RM 107), also is high gradient,
and has an average streambed slope of 11 ft/mi (fig. 3).
Located on the Yakima River in the mid-Yakima
Valley are the Roza (RM 127.9), Wapato (RM 106.6),
and Sunnyside (RM 103.8) Dams that raise the
hydraulic head of the river to divert water into
irrigation canals. Upstream of the irrigation diversion
dams, small stream segments of 1.0 RM or less are in
backwater and accumulate fine-fraction sediment.
Several waterways, including Wilson Creek and
Moxee Drain, carry sediment-laden, irrigation return
flow to the middle reach during the irrigation season
(March 15 through October 15). Typical suspended-
sediment concentrations during the irrigation season
were about 100 mg/L (milligrams per liter) and 650
mg/L for Wilson Creek and Moxee Drain,
respectively. Some of this sediment-laden water is, in
turn, diverted into the Roza, Wapato, and Sunnyside
irrigation canals. Sediment also is deposited in
low-velocity backwaters of the middle reach. The
fine-fraction sediment is transported farther down the
main stem. Similar to the upper reach, the middle
reach is shallow and the streambed is composed
mostly of cobble and large gravel with some boulders,
sand, and silt. In general, the rocks are covered lightly
with periphyton and are free of rooted aquatic plants.
Conversely, physical characteristics in reaches
affected by backwaters of diversion dams are notably
different. For example, the substrate in backwater of
the Roza Dam is predominantly silt/clay with some
organic matter and supports rooted aquatic plants.

The Naches River, a major tributary with 1,106
mi? (square miles) of drainage area, flows into the
mid-Yakima Valley at RM 116.3. The Naches River is
a high-gradient stream with an average streambed
slope of 36 ft/mi. The Naches River ranges in altitude
from 2,560 ft at the confluence of the Little Naches
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and Bumping Rivers to 1,070 ft at its mouth
(headwaters of the Naches River have water-surface
altitudes as high as 6,000 ft). The river is shallow and
the streambed is composed mostly of cobble and large
gravel with some boulders, sand, and silt. Rocks are
covered lightly to moderately with periphyton and are
embedded slightly in sediment. The vegetative cover
and thin soil mantle of the upper Naches Subbasin
limit the amount of suspended sediment in the stream.
Steep river gradients tend to keep most sediment
suspended until the Naches River flows into the
middle reach where velocities decrease in the
backwaters of the Wapato and Sunnyside Diversion
Dams.

The lower reach of the Yakima River drains the
lower Yakima Valley and has an average streambed
slope of 7 ft/mi and extends for 107.5 miles from the
city of Union Gap to the mouth of the Yakima River
(fig. 3). The streambed slope, streamflow, and average
velocity are highly variable through this reach. During
the irrigation season, streamflow in the main stem
below the Wapato and Sunnyside Diversion Dams
commonly is less than a few hundred cubic feet per
second; streamflows remain low until irrigation water
returns to the main stem by waterways between Parker
(RM 104.6) and Mabton (RM 59.8). During the 1974—
81 irrigation seasons, as much as 80 percent of the
mean monthly irrigation return at Kiona was from
tributaries carrying irrigation return flow between
Parker and Kiona (Rinella and others, 1992). The
upstream part of the lower reach of the Yakima River
has a steep channel slope (12.8 ft/mi) which decreases
midway through the reach (0.9 ft/mi) and results in a
slow moving, meandering pool. The pool, located
upstream of the Euclid Street Bridge (RM 55) near
Grandview, is hydraulically characterized as a stilling
basin behind a bedrock control. The pool is a
depositional reach and contains predominantly
silt/clay and some small gravel and organic matter.
The substrate in the higher gradient sections,
preceding and following the pool, is similar to that of
the upper and middle reaches. Numerous rooted
aquatic plants exist along the lower reach, especially
in the vicinity of Horn Rapids Dam (RM 18.0).

Geologic Overview

By Marshall W. Gannett, U.S. Geological Survey

The Yakima River Basin comprises parts of the
Columbia Plateau and the Cascade geologic
provinces. The largest segment of the basin, including
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the entire southern and eastern parts, is in the
Columbia Plateau, a province that consists primarily
of basaltic lava flows with minor interbedded and
overlying sediment. The western and northern margins
of the basin are in the Cascade Range (fig. 1). The
Cascade Mountains in the basin consist of a complex
assemblage of volcanic, sedimentary, metamorphic,
and intrusive rocks.

Approximately two-thirds of the Yakima River
Basin is in the Columbia Plateau province. In the
Yakima River Basin, this province is dominated by
lavas of the Columbia River Basalt Group, which
include the Grande Ronde, Wanapum, and Saddle
Mountain Basalts (Walsh and others, 1987). The basalt
occurs as multiple flows, each ranging in thickness
from 10 to over 100 ft. Compressional forces in the
Earth's crust during and after the emplacement of
Columbia River Basalt Group lavas have warped and
faulted the basalt into a series of east-northeast to
east-southeast trending valleys and ridges. The ridges
include the Horse Heaven Hills, the Rattlesnake Hills,
and Toppenish, Ahtanum, Umtanum, Manastash,
Naneum, and Yakima Ridges (fig. 1). Some of the
lowlands between these basalt highlands have
accumulated significant amounts of sediment. Major
sediment accumulations, such as the Ellensburg
Formation, are in structural lows of the Kittitas, Selah,
Yakima, and Toppenish sedimentary basins according
to Smith and others (1989).

Basalt flows of the Columbia River Basalt Group
are overlain by, and locally interbedded with,
sedimentary deposits. The major sedimentary unit in
the Columbia Plateau province, in the Yakima River
Basin, is the Ellensburg Formation, which consists
chiefly of volcaniclastic material derived from the
Cascade Range. Smith and others (1989) report that
more than 1,000 ft of coarse-grained volcaniclastic
sediment has accumulated over many parts of the
Yakima River Basin.

A variety of unconsolidated surficial deposits of
Quaternary age is present on the Columbia Plateau in
the Yakima River Basin. These deposits include
alluvial deposits along rivers and streams, alluvial
terrace deposits, loess, and deposits resulting from
catastrophic glacial outburst floods that inundated the
lower part of the basin during the Pleistocene Epoch
(Waitt, 1985). These catastrophic flood deposits are
present up to an altitude of about 1,000 ft in parts of
the basin (Waitt, 1985).









The Alpine Lakes study (U.S. Geological
Survey, 1989), the largest of the three previous studies,
included collection of 4,702 streambed-sediment and
rock samples between 1971-72. The Alpine Lakes
report contains geology, mineral resources,
geochemical data, and a detailed chronology of
historical-mining activities. Streambed-sediment
samples were screened by semiquantitative-
spectrographic analysis for 30 elements; anomalous
data were further analyzed by atomic absorption
spectrophotometry. Streambed sediment collected in
the northeastern part of the Yakima River Basin is
enriched in concentrations of copper and zinc—
concentrations varied in proportion to the distance
from the contact between the Mount Stuart batholith
and local-ultramafic rocks. Many of the anomalous
data collected from the northwestern part of the
basin—in the vicinity of Gold Creek—indicate the
presence of hydrothermally altered and mineralized
rock containing proportionally more lead and zinc and
less copper. The second largest study of the head-
waters of the Yakima and Naches Rivers (Moen, 1969)
included collection and analysis of 182 streambed-
sediment samples for copper, molybdenum, lead, and
zinc, between 1965—68. Fries and Ryder (in Rinella
and others, 1992) interpreted the data from these
headwater studies and concluded that concentrations
of copper (206 pg/g [micrograms per gram] in Easton
Subbasin), and zinc (330 pg/g in the Upper Naches
Subbasin and 120 pg/g in the Tieton Subbasin) exceed
the 95-percent range shown for soils in the Western
United States (R.C. Severson, U.S. Geological Survey,
written commun., 1987, based on data in Shacklette
and Boerngen, 1984). The Goat Rocks study (Church
and others, 1983) included collection and analysis of
43 streambed-sediment samples for 31 elements
(using a direct current arc emission spectrographic
method) in 1981. Fries and Ryder (in Rinella and
others, 1992) interpreted data for the Goats Rocks
study and concluded that the 90-percentile
concentrations of copper (50 pg/g), vanadium
(300 pg/g), and zinc (200 pg/g) in the Tieton
Subbasin were anomalous.

Few studies of trace elements in filtered-water
samples or in suspended sediment and water mixtures
were made in the Yakima River Basin. For the most
part, historical data were collected in the Yakima
River at Kiona (RM 29) as part of the USGS and U.S.
Environmental Protection Agency (EPA) monitoring
programs from 1966—72. In 1973, samples were

collected from the Yakima River abhove Ahtanum
Creek at Union Gap (RM 107) and in 1974 from the
Yakima River at Kiona (RM 29.9). Both sites were
operated as part of the USGS’s National Stream
Quality Accounting Network (NASQAN).

The Washington State Department of Ecology
did a study in 1987 of low-flow conditions in Wide
Hollow Creek which flows into the Yakima River (RM
107.4). This creek receives urban runoff from the city
of Yakima, as well as agricultural return flow. Water
and streambed sediment were analyzed for trace
metals and trace-organic compounds. Water-quality
measurements also were made, and fish and
macroinvertebrate communities were surveyed, in
order to relate the abundance and diversity of taxa to
water-quality conditions. Fish abundance generally
increased upstream, while macroinvertebrate
distribution varied more with canopy shading than
with water-quality conditions. Six trace elements,
analyzed in unfiltered-water samples, were either
below or only slightly above the lower limit of
determination® (LLD). Streambed sediment was
sampled at two sites and analyzed for 13 elements.
The upstream site (RM 7.2) was subject to orchard and
pasture effects, and the downstream site (RM 0.9) was
subject to urban and livestock-pasturing activities.
Arsenic, lead, mercury and zinc concentrations at the
upstream site were respectively, 2.5 ug/g, 32 pg/g,
0.028 ng/g, and 92 pg/g. Concentrations of arsenic,
lead, mercury, and zinc at the downstream sites were
respectively, 0.9 ug/g, 11 ug/g, 0.036 pg/g, and 132.5
ng/g (Kendra, 1988). The concentrations of arsenic
and lead were higher in close proximity to orchard and
pasture effects. Mercury and zinc concentrations were
higher in close proximity to urban and livestock-
pasturing activities.

Filtered-water samples® analyzed for iron,
manganese, lead, and mercury equaled or exceeded
EPA National Primary and Secondary Drinking-
Water Regulations at one or more sites in the Yakima
River Basin, from 1953-85 water years; filtered

3The limit of determination is three times the standard
deviation of a blank water sample added to the average of the
blank.

4 The term “filtered water” is operational defined as that
portion of a water-suspended sediment sample that passes
through a nominal 0.45 um (micrometer) filter. Conversely, the
term “unfiltered water” refers to a water sample that has not
been filtered or centrifuged, nor in any way altered from the
original matrix.
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concentrations of cadmium, chromium, copper, lead,
mercury, silver, and zinc equaled or exceeded EPA
acute and (or) chronic standards established for the
protection of freshwater-aquatic life (at four or more
sites Rinella and others, 1992). Dissolved elements
with the largest percentage of drinking-water
exceedances (relative to the total number of
determinations) were iron (8 percent), manganese
(less than 1 percent), lead (3 percent), and mercury
(less than 1 percent). Similarly, elements with the
largest percentage of aquatic-life exceedances were
lead (59 percent), mercury (41 percent), copper (24
percent), cadmium (11 percent), zinc (3 percent),
chromium (1 percent), and silver (less than 1 percent).
Whole-water and whole-water recoverable
concentrations with the largest percentage of
drinking-water exceedances (relative to the total
number of determinations) are manganese (34
percent), iron (6 percent), and lead (2 percent).
Similarly, elements with the largest percentages of
acute and (or) chronic aquatic-life exceedances were
lead (77 percent), mercury (50 percent), copper (46
percent), and nickel (less than 1 percent).

Few monitoring programs for trace elements in
aquatic biota exist in the Yakima River Basin. Most
programs emphasize the collection of fish tissue and
cover only a small number of sites (Hopkins and
others, 1985; Johnson and others, 1986; Lowe and
others, 1985; Walsh and others, 1977; Schmitt and
Brumbaugh, 1990). Washington State Department of
Ecology did a study in the Yakima River Basin in
1985, targeting mercury in addition to trace-organic
compounds. Fish, water, and streambed sediments
were analyzed. The highest mercury concentrations in
fish occurred in Northern squawfish. The maximum
concentrations occurred at Wymer (RM 134-136), and
the concentrations were 0.33 pg/g for whole fish and
0.45 pg/g for fish muscle, in wet weight. Mercury
concentrations at downstream sites tended to increase
in other species of fish. Whole fish, excluding northern
squawfish, had mercury concentrations ranging from
0.02 pg/g for mountain whitefish at Cle Elum (RM
179-181) to 0.05 pg/g for mixed suckers at Buena
(RM 93-95). Fish muscle, excluding northern
squawfish, had mercury concentrations, in wet weight,
ranging from 0.03 pg/g for mountain whitefish at
Wymer to 0.13 pg/g for largescale sucker at Kiona
(Johnson and others, 1986).

Since 1978, the Washington State Department of
Ecology has analyzed fish tissue at selected sites in
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Washington through the Basic Water Monitoring
Program. In 1984, streambed-sediment sampling was
initiated in addition to the fish sampling. Ten sites
were sampled in 1984, two of which were on the
Yakima River (below Moxee Drain at RM 107.6 and
at Kiona at RM 29.9). Fish muscle was analyzed for
pesticides and seven trace metals. Northern squawfish
from the Yakima River below Moxee Drain had the
highest concentration of mercury (0.78 pg/g, wet
weight) found during the 1984 sampling. Mountain
whitefish at the same site had 0.64 ng/g, wet weight,
of mercury (Hopkins and others, 1985). These
concentrations exceeded the National Academy of
Sciences/National Academy of Engineering
(NAS/NAE) recommendation for the protection of
selected species of fish and predatory aquatic
organisms. The recommendation states that the
concentration of total mercury should not exceed

a total body burden of 0.5 pg/g, wet weight, in

any aquatic organism (National Academy of
Sciences/National Academy of Engineering, 1972,
p. 173).

The U.S. Fish and Wildlife Service has
participated in the National Contaminant
Biomonitoring Program (before 1984, called the
National Pesticide Monitoring Program) since 1967.
In this program, samples of bottom-feeding and
predator fish were taken at over 100 sites throughout
the United States and analyzed for potentially toxic
elements and selected organochlorine compounds.
One of these sites is in the Yakima River Basin
(Yakima River at Granger). From 1971-73,
concentrations of mercury in northern squawfish were
below the U.S. Food and Drug Administration (FDA)
guideline (1.0 pg/g, dry weight) for human
consumption (Walsh and others, 1977). In 1978, a
concentration of lead (1.4 pg/g, wet weight), which
exceeded the 85th percentile value determined for
various fish species in the United States, was found in
a sample of white crappie at Granger (Lowe and
others, 1985). In 1980 and 1984, however, none of the
samples collected at Granger contained concentrations
of lead that exceeded 85th percentile values, or
concentrations of mercury that exceeded FDA
guidelines (Lowe and others, 1985; and Schmitt and
Brumbaugh, 1990). Different species were collected
during different years, which might account for some
of the variation reported among years (Schmitt and
Brumbaugh, 1990). Additionally, some of the
variation may have resulted from a change in the



location of the sampling site (Don Kane, U.S. Fish and
Wildlife Service, oral commun., 1991). Samples were
collected in 198488 from a pond located near the
main stem of the Yakima River at Granger. In 1978
and 1980, however, it is unknown whether or not the
main stem or the pond was sampled. The pond was
believed to have been connected hydrologically to the
main stem by a culvert; however, based on a site
inspection in 1992, no evidence of a culvert remained.

APPROACH AND METHODS

Trace-element concentrations were determined
in media from the Yakima River Basin (fig. 5). These
media included streambed sediment, suspended
sediment, water (filtered and unfiltered), and aquatic
biota. One or more of these media were measured at
57 sites in the Yakima River Basin, 1987-91, (table 1)
for selected elements (table 2). Data pertaining to
these media have been published for streambed
sediment by Ryder and others (1992) and for
sediment, water, and biota by Fuhrer, Fluter, and
others (1994). To characterize temporal variations for
trace-element concentrations and loads, trace-element
data for suspended-sediment and water media were
categorized according to season. The seasons defined
for use in this report are snowmelt, irrigation, and
non-irrigation. The irrigation season (March 15 to
October 15) and snowmelt season, however, are not
mutually exclusive from one another. Snowmelt
generally is a major contributor to streamflow during
April and May; consequently, the snowmelt portion of
the irrigation season is considered separately. As a
result, the snowmelt season is defined as April and
May, the irrigation season as June through September,
and the non-irrigation season as October through
March

Spatially, the most extensively sampled medium
was streambed sediment. In 1987, as part of the
Yakima NAWQA occurrence and distribution survey,
streambed sediment was collected from 448 locations
in the Yakima River Basin. These locations
represented a variety of sampling sites that covered
lower- and higher-order streams and included limited
samplings of urban-storm drains and agricultural soils.
Results from this streambed-sediment study were
published earlier (Fuhrer, McKenzie, and others,
1994). Many of the sites measured for trace elements
measured in aquatic biota, water, and suspended

sediment corresponded to streambed-sediment sites
sampled as part of the occurrence and distribution
survey in 1987. Additionally, some new streambed-
sediment sites were sampled in 1989-90 to
complement sites where trace elements were measured
in aquatic biota. During 198790, one streambed-
sediment sample was collected at each of the 32 sites
at which an aquatic biota sample also was collected.
Results from the 1987 occurrence and distribution
survey are used in this report to describe the spatial
distribution of trace elements in water, aquatic biota,
and sediment from sites where aquatic biota were
sampled.

Sampling frequency for filtered water varied for
some sites. Forty-four sites were sampled at least once
for filtered trace elements; a majority of these sites
were sampled during synoptic surveys in July and (or)
November 1987. Synoptic surveys were made over a
short period of time (during steady-state streamflow
conditions) and provided a broad spatial coverage for
occurrence and distribution of trace-element
concentrations in filtered water. Seven of the 44 sites
also were sampled monthly and during hydrologic
events (including snowmelt and winter rainstorms) for
the period March 1987 to April 1990. These seven
sites are referred to in this report as fixed sites 6, 19,
26,32, 50, 52, and 56 (table 3 and fig. 5). The monthly
and event-sampling frequency provides the temporal
coverage necessary to describe seasonal variations for
trace-element concentrations in filtered water.

Of the sites sampled, fixed sites were sampled
with the greatest frequency. Generally, trace elements
in all media were measured at these sites (fig. 5), with
the exception of the Yakima River above Ahtanum
Creek at Union Gap. (This site is not wadable;
consequently, aquatic biota and streambed sediment
samples were collected 2.6 miles downstream at the
Yakima River at Parker.) Five of the seven fixed sites
were on the main stem of the Yakima River; one site
was located at the mouth of the Naches River—a
major tributary; and the other site was located at the
mouth of Sulphur Creek Wasteway—a major drain for
carrying irrigation return flow and urban runoff (fig.
5). Fixed sites were sampled in a systematic-
downstream order to simulate the movement of
surface water passing through the Yakima River
Basin. Operation of fixed sites in the basin is described
by Fuhrer, Fluter, and others (1994).

Sampling frequency for suspended sediment and
filtered water was identical for the period March 1987

15



121°

_ |
otV LSTAR EXPLANATION

/ %éwllﬂ e
y i \“\ Q" \\“%s‘ Streambed

sediment

27
Filtered Q Sample site

water

Unfiltered
water

Suspended
sediment

WASHINGTON

R
1A 4B ¢
N
ki ‘\

GRANT COUNTY

FRANKE IS COUNTY

Ahiahud e
AbTANJN

Y MA
COUNTY

x
|
!
SN

i
o <O IETY
st RIDGE D RRICHEAND

Lo o 0 Lake
(yr oy e WU

‘a»m,xt ANEWICK
G r}@si

J

Yakima River basin |
boundary

0 5 10 15 20 25 MILES

0 5 10 15 20 25 KILOMETERS

Figure 5. Sampling-site locations for major and trace elements in sediment, water, and aquatic biota, Yakima River Basin,
Washington, 1987-91 (site reference numbers are shown on map and are listed in Table 1; shaded areas of individual pie
charts correspond to media that were sampled at the site).




Table 1. Sampling-site locations and media sampled for major and trace elements, Yakima River Basin,
Washington, 198791
(S, streambed sediment; SS, suspended sediment; T, aquatic-biota tissue; F, filtered water; U, unfiltered water; RM, river mile;

STP, sewage treatment plant; and DID, drainage irrigation district; --, not analyzed]

Medla
Sediment Water
Site
reference Station
number Site name number' | Latitude | Longitude | S| SS | T|F | U
1 Waptus River at mouth near Roslyn 12478100 472513 1210515 X -- X |-1-
2 Cle Elum River above Cle Elum Lake near | 12478300 472119 1210622 -- - |- x|~
Roslyn
3 Jungle Creek near mouth near Cle Elum 12479720 472030 1205159 X - X | x| -
4 North Fork Teanaway River below bridge 12479750 471721 1205130 - - x| -1-
at Dickey Creek Campground
5 Teanaway River below Forks near Cle 12480000 471448 1205136 X X x| -1-
Elum
6 Yakima River at Cle Elum 12479500 471135 1205655 X X x{x|x
7 Naneum Creek below High Creek near 12483750 471055 1202644 X -- x|-1-
Ellensburg
8 Taneum Creek at Taneum Meadow near 12481900 470647 1205201 X -- X | -—-1-
Thorp
9 Yakima River at Thorp Highway bridge at | 12482800 470020 1203543 -1 - |-} x|~
Eliensburg
10 Little Naches River at mouth near Cliffdell { 12487200 465920 1210555 X - x| x| -
11 American River near Nile 12488500 465839 1211005 -y - -] x|~
12 South Fork Manastash Creek near Ellens- | 212483190 | 465818 1204832 X - x| x| -
burg
13 American River at Hells Crossing near Nile| 12488250 | 465804 1211545 x| - | x}j-1]-
14 Cherry Creek above Wipple Wasteway at 12484440 465544 1202948 X - x| -1
Thrall
15 Wilson Creek above Cherry Creek at Thrall| 12484100 465535 1203001 -1 - |- x|-
16 Cherry Creek at Thrall 12484480 465534 1202951 - - x| x| -
17 Bumping River at Soda Springs Walkway 12488050 465527 1211250 ~- - -] x| -
near Nile
18 Naches River at Cottonwood Campground | 12489050 465424 1210133 - - |-]x}]-
near Cliffdell
19 Yakima River at Umtanum 12484500 465\ 146 1202844 X X x| x| x
20 Umtanum Creek near mouth at Umtanum 12484550 465127 1202946 X - x| x| -
2] Rattlesnake Creek above Little Rattlesnake | 312489150 | 464850 1205658 X -- x| x| -
near Nile
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Table 1. Sampling-site locations and media sampled for major and trace elements, Yakima River Basin,
Washington, 1987—91—Continued

RM 79.6 near Granger

Media
Sediment Water
Site
reference Station
number Slte name number' | Latitude | Longitude | S| SS [ T|F | U
22 Rattlesnake Creek above North Fork 12489100 464834 1210408 X -- x|-1-
Rattlesnake Creek near Nile
23 Yakima River above canal diversion at RM | 12484950 464503 1202752 - - ~- | x|~
128 at Roza Dam
24 Tieton River at mouth near Naches 12493100 464439 1204706 - - -] x]-
25 Yakima River above Selah Creek at 12485550 464232 1202825 -- - - x| -
Pomona
26 Naches River near North Yakima 12499000 463742 1203110 X X x| x| x
27 Wide Hollow Creek at West Valley Middle | 12500437 463456 1203634 x| - | x| x]|-
School near Ahtanum
28 Tributary to Moxee Drain at Bell Road near | 12500415 463326 1202632 -]l - |- x]-
Union Gap
29 Wide Hollow Creek at old STP at Union 412500442 | 463235 1202826 X - x| x| -
Gap
30 Moxee Drain at Thorp Road near Union 12500430 463218 1202719 X - x| x| -
Gap
31 Ahtanum Creek at Union Gap 12502500 463210 1202820 X - x| -1-
32 Yakima River above Ahtanum Creek at 12500450 463204 1202758 - X - x| x
Union Gap
33 Yakima River at Parker 512503950 | 463022 1202707 X - x| x| -
34 South Fork Ahtanum Creek above Conrad 12500900 462932 1205723 X - x| -1 -
Ranch near Tampico
35 Unnamed drain at Progressive Road near 12507050 462509 1203545 -1 - |-]x]-
Harrah
36 Yakima River at RM 91 at Zillah 12505320 462407 1201654 -] - -] x]-
37 East Toppenish Drain at Wilson Road near | 12505350 462204 1201500 -] - -] x]-
Toppenish
38 Yakima River at Bridge Avenue at Granger | 12505440 462016 1201148 -1 - |- x]-
39 Sub 35 Drain at Parton Road near Granger | 12505410 462011 1201348 - - |-1x]-
40 Granger Drain at mouth near Granger 12505460 462010 1201138 X -- x| x| -
41 Marion Drain at Indian Church Road at 12505510 461952 1201154 -1 - |-]x]-
Granger
42 Yakima River below Toppenish Creek at 12507525 461858 1200913 X -- x| -1~
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Tabie 1. Sampling-site locations and media sampled for major and trace elements, Yakima River Basin,
Washington, 1987—91—Continued

Media
Sediment Water
Site
reference Station
number Site name number! | Latitude | Longitude | S| SS [ T(F | U
43 Toppenish Creek at Indian Church Road 12507508 461852 1201153 X - x| x| -
near Granger
44 Toppenish Creek near Fort Simcoe 12506000 461840 1204713 - - |-t x|~
45 Yakima River at Van Geison Bridge near 12511800 461750 1191956 - - -] x]-
Richland
46 DID 3 Drain below STP at Midvale Road at | 12508838 461728 1200148 | - | - | -~ | x| --
Sunnyside
47 Satus Creek at Gage at Satus 12508620 461626 1200832 x| - | x| x|-
48 Yakima River at RM 72 above Satus Creek | 12507585 461611 1200530 X -- X|-1-
near Sunnyside
49 Yakima River above Chandler Pump atRM | 12509900 | 461558 1193518 | - | - | -] x ] -
35.9 near Whitstran
50 Yakima River at Kiona 12510500 461513 1192837 X X x| x| x
51 Yakima River below Satus Creek atRM 68 | 12508625 461506 1200545 | - | - | - | x| -
near Satus
52 Sulphur Creek Wasteway near 12508850 461503 1200107 X X x| x| x
Sunnyside
53 Satus Creek below Dry Creek near Toppen-| 12508500 461500 1202240 x| - | x| x|-
ish
54 Spring Creek at mouth at Whitstran 12509710 461400 1194038 X -- X|-]-
55 Yakima River at Mabton 12508990 461353 1195954 -1 - -] x1-
56 Yakima River at Euclid Bridge at RM 55 12509050 461301 1195500 X X x| x| x
near Grandview
57 Satus Creek above Wilson-Charley Canyon | 12507594 460100 1204054 x| - | x|-]-
near Toppenish

This number can be used for computer retrieval of suspended-sediment, filtered-water, and unfiliered-water chemical data from either the
U.S. Geological Survey’s WATer data STOrage and REtrieval system (WATSTORE) or U.S. Environmental Protection Agency’s STOrage and
RETrieval system (STORET).

2For filtered-water data retrieval, use station number 12483200.
3For filtered-water data retrieval, use station number 12489300.
4For filtered-water data retrieval, use station number 12500445,
SFor filtered-water data retrieval, use station number 12505000.
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Tabie 2. Major and trace elements analyzed in aquatic biota, water, and sediment, Yakima River Basin, Washington, 198791
[--, not analyzed]

Element Aquatic biota Water Sediment

analyzed Insects | Fish | Ciams | Piants Filtered | Unfiltered | Streambed | Suspended

Major Elements

Aluminum X X

X
Calcium - X X

1
t
P Kl Ee

Carbon, inorganic - - - . - -

Carbon, organic - - - p X o

1
>

Carbon, total

Iron

X
Magnesium X X X X - -
Phosphorous --

Potassium -- - X - - -

Sodium - - X - - -

Sulfur - - - - - -

P e e e e e K K
b Bl B Kl K

>

Titanium X X X - - -

Antimony - - - -

Arsenic

P Bl Ke

X X X X
Barium X X X X
Beryllium X X X X

Bismuth - - - .

>
X[ >4 ] ¢ ¢ <
x|

Boron X X X X

Bromide - - - -

> | >
)
1

Cadmium X X X X

Cerium - — - - - -

Chromium

>
<] <L < x| <

X X X
Cobalt X X X -
Copper X X X

Cyanide - -- - -

Europium - - - . - -

Gallium - -- - - - -

Gold - - - - - -

Lanthanum

Lead

Lithium

Mercury

X
Manganese X
X
X

Molybdenum

Neodymium - - - - = -

Nickel X X X X X X

Niobium - - - - - -

Scandium

Selenium

b i el
P e e e e e B e Rl e K Kl e Kal K X
i

Strontium

Thallium

X X X X X

Stlver X X X X X X
X X X X X
X X X X

Thorium

Tin - - - - - -

Uranium - - - - - -

Vanadium X X X X X -

Ytterbium - - - - - -

Yttrium - - - - - -

b B K Kl Kl Fai B
by

Zinc X X X X X X
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to April 1990. The seven fixed sites were sampled
monthly and during hydrologic events, including
snowmelt and winter rainstorms, and analyzed for
major and trace elements. At the fixed sites, suspended
sediment and water (filtered and unfiltered) were
sampled simultaneously. The sampling frequency for
unfiltered water, however, varied from that of the
filtered portion and likewise, from that of the
suspended sediment. Generally, unfiltered samples
were collected quarterly during 1987 and not at all
during 1988-90; however, some sites were sampled
less frequently in 1987.

Of the seven fixed sites, the Yakima River above
Ahtanum Creek at Union Gap (site 32) and the Yakima
River at Kiona (site 50) were sampled most frequently.
Additionally, unfiltered samples had been collected
previously at these sites as part of the USGS’s
NASQAN program. Trace-element concentrations in
unfiltered water were used to determine the suitability
of surface water for supporting aquatic life, based on
EPA’s guidelines for freshwater aquatic life (U.S.
Environmental Protection Agency, 1986, 1992c).
These guidelines are based on a fotal recoverable
method (trace elements removed by a mild-acid
extraction of an unfiltered-water sample) in which
complete digestion of all particulate matter is not
achieved and the determination actually represents
something less than 95 percent of the trace-element
concentration being sought. This extraction method is
similar to that used on unfiltered-water samples ana-
lyzed by the USGS’s National Water Quality Labora-
tory (Fuhrer, Fluter, and others, 1994). The analytical
method for determining trace-element concentrations
in suspended sediment is termed a fofal method (ele-
ments removed by a harsh-acid extraction of a sus-
pended sediment sample) in which complete digestion
is nearly achieved and the determination actually rep-
resents something greater than 95 percent of the
trace-element concentration being sought (Fuhrer,
Fluter, and others, 1994). Trace-element concentra-
tions determined using the total-recoverable method
for unfiltered-water samples will be compared to
trace-element concentrations from the total method for
suspended-sediment and filtered-water samples. If the
sum of the trace-element concentrations from the sus-
pended-sediment sample and the filtered-water sample
were similar to the trace-element concentrations in
unfiltered water, then the sum of the trace-element
concentrations in filtered water and suspended sedi-
ment, for the period March 1987 to April 1990, were

evaluated against EPA’s guidelines for freshwater
aquatic life.

Sampling frequency for the aquatic biota
medium varied among sampling sites (table 4). A
preliminary sampling for trace elements in the tissue
of aquatic biota was made in May 1989 (sites 3, 19,
20, and 27) to test and refine collection and processing
methods for aquatic biota. Aquatic biota were sampled
at 34 sites from 1989-90—seven sites were located on
the main stem. The aquatic biota medium included
analyses of plant tissues, such as algae (unidentified
specimens), curlyleaf pondweed (Potamogeton
crispus), waterweed (Elodea sp.), and coontail
(Ceratophyllum demersumy); fish tissues, such as
rainbow trout (Oncorhynchus mykiss), mountain
whitefish (Prosopium williamsoni), sculpin (Cottus
spp.), brook trout (Salvelinus fontinalis), bridgelip
sucker (Catostomus columbianus), largescale sucker
(Catostomus macrocheilus), chiselmouth (Acrocheilus
alutaceus), carp (Cyprinus carpio), and cutthroat trout
(Oncorhynchus clarki), Asiatic clam (Veneroida:
Corbiculidae Corbicula fluminea), western pearlshell
(margaritifera falcata); and aquatic insects, such as
caddisflies (Arctopsyche spp.) (Cheumatopsyche spp.)
(Parapsyche spp.) (Hydropsyche amblis) (Hydro-
psyche californica) (Hydropsyche cockerelli)
(Hydropsyche occidentalis), stoneflies (Calineuria
spp.) (Claassennia spp.) (Doroneuria spp.) (Hespero-
perla spp.) (Isoperla spp.) (Megarcys spp.) (Perli-
nodes spp.) (Skwala spp.) (Pteronarcys spp.), and
mayflies (unidentified) [see table 3].

Streamflow was usually measured during each
site visit for sites not equipped with continuous stage
recorders. All fixed sites were equipped with stage
recorders—stage was recorded every 30 minutes.
Streamflow rating tables were developed and updated
for fixed sites according to methods described by
Buchanan and Somers (1969). At sites not equipped
with stage recorders, either suspension- or wading-
streamflow measurements were made according to
methods described by Buchanan and Somers (1969).

Loads were determined for selected trace
elements using the ESTIMATOR load computa-
tion model version 92.07 (Cohn and others, 1992).
The ESTIMATOR model uses the minimum vari-
ance unbiased estimator for estimating constituent
transport. Daily mean streamflow and trace-element
concentrations for the period 1987—89 were used
to calculate monthly and annual loads at the fixed
sites in the Yakima River Basin. Equations used by
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Table 4. Sampling frequency for major and trace elements in aquatic biota, Yakima River Basin, Washington, 1989-91
[Nov., November; Oct., October; X, aquatic biota sampled in the month and year indicated]

Site
reforonce Site name 1000 | 1985 | 1980 | 1091
1 Waptus River at mouth near Roslyn X
3 Jungle Creek near mouth near Cle Elum X
4 North Fork Teanaway River below bridge at Dickey Creek Campground X
5 Teanaway River below Forks near Cle Elum X
6 Yakima River at Cle Elum X X
7 Naneum Creek below High Creek near Ellensburg X
8 Taneum Creek at Taneum Meadow near Thorp X X
10 Little Naches River at mouth near Cliffdell X
12 South Fork Manastash Creek near Ellensburg X
13 American River at Hells Crossing near Nile X X
14 Cherry Creek above Wipple Wasteway at Thrall X
16 Cherry Creek at Thrall X X
19 Yakima River at Umtanum X X X X
20 Umtanum Creek near mouth at Umtanum X X X
21 Rattlesnake Creek above Little Rattlesnake near Nile X
22 Rattlesnake Creek above North Fork Rattlesnake Creek near Nile X X X
26 Naches River near North Yakima X
27 Wide Hollow Creek at West Valley Middle School near Ahtanum X X
29 Wide Hollow Creek at old sewage treatment plant at Union Gap X X
30 Moxee Drain at Thorp Road near Union Gap X
31 Ahtanum Creek at Union Gap X
33 Yakima River at Parker X X
34 South Fork Ahtanum Creek above Conrad Ranch near Tampico X
40 Granger Drain at mouth near Granger X X
4?2 Yakima River below Toppenish Creek at river mile 79.6 near Granger X
43 Toppenish Creek at Indian Church Road near Granger X
47 Satus Creek at Gage at Satus X X
48 Yakima River at river mile 72 above Satus Creek near Sunnyside X
50 Yakima River at Kiona X X X
52 Sulphur Creek Wasteway near Sunnyside X X
53 Satus Creek below Dry Creek near Toppenish X
54 Spring Creek at mouth at Whitstran X X
56 Yakima River at Euclid Bridge at river mile 55 near Grandview X X
57 Satus Creek above Wilson-Charley Canyon near Toppenish X X
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ESTIMATOR for calculating specific constituent
loads are found in the appendix.

Water and Suspended Sediment

Water and suspended sediment were sampled
using an equal-width-increment method which
requires a sample volume proportional to the amount
of flow at each of several equally spaced verticals in
the stream cross section (Edwards and Glysson, 1988).
A minimum of 10 verticals was sampled in the stream
cross section. Additional verticals were sampled at
sites where water in the cross section may not have
been equally mixed because of nearby tributary inflow.
Samples were collected using USGS depth-integrating
samplers fitted with polyethylene, 3-liter bottles. The
D-77 (depth-integrating sampler) is an epoxy-coated
brass sampler that is operated by a cable and reel
assembly; this sampler was used most of the time for
sampling. The DH-81 (depth-integrating, hand-held
sampler) was an optional sampler used when stream-
flow conditions permitted crossing the stream by
wading.

Equipment used for trace-element sampling was
washed in liquinox and rinsed in distilled deionized
water. Sample containers and equipment, with the
exception of depth-integrating samplers, were rinsed
again in 10 percent (by volume) hydrochloric acid.
The depth-integrating sampler was not rinsed because
the water sample did not come into contact with the
sampler body. The acid rinse was followed by several
rinses with distilled deionized water. All equipment
was thoroughly rinsed in native stream water prior to
sample collection.

Analytical methods have become more sensitive
to contamination because of decreases in the analytical
limit of determination. Field-processing methods and
sampling equipment were evaluated by the USGS’s
Office of Water Quality to determine if they were a
source of contamination to water samples analyzed at
concentrations of parts per billion in micrograms per
liter. Personnel from the Yakima NAWQA study par-
ticipated in two field-processing and equipment blanks
for cadmium, copper, lead, and zinc in filtered-water
samples (Fuhrer, Fluter, and others, 1994). Cadmium,
copper, lead, and zinc were among a listing of trace
elements derived by the Office of Water Quality that
pose a risk of contaminating water samples that are
processed using certain water-quality samplers and

processing techniques (D.A. Rickert, U.S. Geological
Survey, written commun., 1991). Blanks (assayed dis-
tilled-deionized water) run on the type of sampler and
processing equipment used to collect water samples at
fixed sites contained concentrations of cadmium, cop-
per, lead, and nickel that were lower than the analyti-
cal limit of determination for the Yakima study, and
were similar to background concentrations found in
the blank water prior to the test (Fuhrer, Fluter, and
others, 1994). A second study was made by the Office
of Water Quality (D.A. Rickert, U.S. Geological Sur-
vey, written commun., 1992) to determine the poten-
tial for trace-element contamination from a variety of
surface-water-quality samplers including the D-77
(depth-integrating) sampler. The Office of Water Qual-
ity concluded that the D-77 sampler with a polyethyl-
ene sample bottle is suitable for trace-element
sampling at the parts per billion level. Furthermore,
specific cleaning techniques were recommended for
sampling and processing equipment which include a
detergent wash, water rinse, acid soak/rinse, and sev-
eral distilled water rinses (D.A. Rickert, U.S. Geologi-
cal Survey, written commun., 1992). Cleaning
techniques similar to these were used on sampling
equipment used at fixed-location sampling sites
(Fuhrer, Fluter, and others, 1994).

Filtered and unfiltered-water samples were pre-
served according to methods described in Fishman and
Friedman (1989) and shipped on ice from the field to
the USGS National Water Quality Laboratory in
Arvada, Colorado. The samples were analyzed for
major and trace elements according to methods
described by Fishman and Friedman (1989). For fixed
sites, a small suite of trace elements (cadmium, cop-
per, and lead) was determined with an atomic absorp-
tion spectrometer in conjunction with a graphite
furnace containing a graphite platform (AAGF). This
method of analysis can detect low concentrations of
trace elements that may adversely affect aquatic
organisms. A larger suite of dissolved trace elements,
which included aluminum, antimony, barium, beryl-
lium, nickel, selenium, silver, and zinc, was deter-
mined simultaneously on a single sample by a
direct-reading emission spectrometric method by
using an induction-coupled argon plasma as an excita-
tion source (ICP). This ICP method of analysis was
used periodically for fixed sites during the first year of
operation. Also, ICP was used during synoptic surveys
in July and November 1987; however, this method
was not ideally suited to evaluate element concentra-
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tions in filtered water against guidelines for the protec-
tion of freshwater-aquatic life. Ambient
concentrations for some elements (for example, cad-
mium, copper, lead, and zinc) with potential to
adversely affect aquatic biota, were below the analyti-
cal limit of determination for the ICP. Method report-
ing levels, analytical method codes, and listings of
trace-element suites are published in Fuhrer, Fluter,
and others, 1994.

Streambed Sediment

Streambed sediment was collected from five to
seven points in each cross section of the stream
channel; sampling was confined to surficial sediment
that is usually in the upper one-half inch of the
streambed. All streambed-sediment samples were wet
sieved through a 0.062-mm (millimeter) mesh
polyethylene sieve, using a minimum amount of
stream-site water.

Samples were analyzed for 48 constituents—
see Ryder and others (1992) for analytic methods,
limits of determination, and decomposition methods.
The majority of elements were determined by
inductively coupled plasma-atomic emission
spectrometry (ICP-AES). Decompositions of the
sediment samples for elements measured by atomic
absorption spectroscopy (AAS) and ICP-AES are
total digestions—greater than 95 percent of the
element is recovered during analysis. Total carbon
was determined by combustion techniques. The
decomposition used for boron and inorganic carbon
are partial techniques. Quality assurance was
addressed by including standard reference materials,
random sample splits, and analytical sample splits
(Sanzolone and Ryder, 1989; Fuhrer, McKenzie, and
others, 1994, appendix A). Protocols used for sample
handling procedures, sample preparation, analytical
methods, instrument use, and laboratory procedures
and quality control are described in Arbogast (1990).

Aquatic Biota

Aquatic biota were collected over the period
1989-91. The 1990 data, however, are more
comprehensive in the number of sites sampled and in
using analytical methods with low or sensitive limits
of determination. As a result, the 1990 data are used
primarily to describe the spatial distribution of trace
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elements; data from other years also are used to
complement the 1990 data.

For sites where duplicate and triplicate mea-
surements of a single species of aquatic biota were
made, the mean trace-element concentration value was
used; these values also were used for constructing a
statistical-summary table. In contrast, multiple species
of Hydropsyche were combined and reported under
the single name of caddisfly (Hydropsyche spp.).

The caddisfly (Hydropsyche spp.) and Asiatic clam
(corbicula fluminea) tissue concentrations were
normalized by calculating the logarithm of the
trace-element concentrations, taking the mean of
these values, and then calculating the antilogarithm
of the aggregated data. Thus, in the statistical-
summary table, each site is represented by a single
trace-element concentration for each species analyzed.
Because of the small number of stations summarized,
only minimum, median, and maximum values were
reported in the statistical-summary table for aquatic
biota. The modified 1990 data were used to create
maps of trace-element distribution using a geo-
graphical information system (GIS).

Several species of aquatic biota were collected in
order to spatially depict the distribution of trace
elements in the Yakima River Basin. In 1990, for
example, the aquatic insect caddisfly (Hydropsyche
spp.) provided the greatest coverage of a single taxon
for spatially depicting trace-element concentrations.
Arsenic, mercury, and selenium, however, were not
analyzed in hydropsyche. For these trace elements,
analyses of fish liver provided the greatest spatial
coverage where several different fish species were
sampled because no single species was present at all
sites. Conversely, Asiatic clams (corbicula fluminea)
were sampled only at five sites in the lower Yakima
Valley.

Chemical data for aquatic biota in the Yakima
River Basin were compared to data from other basins
for Corbicula sp. and caddisfly (Hydropsyche spp.).
Several caveats exist when making comparisons
between basins. Only general comparisons were
possible because differences may exist in species
collected, size and (or) age of individuals in the
sample, the tissues analyzed (muscle, gills, whole
body, and so forth), analytical methods, and the
way data were reported. Data for fish liver and whole
fish were considered separately, because liver tissue
is a principal site for accumulation of many trace
elements, and concentrations of trace elements in liver



tissue are typically higher than in whole fish (Kaiser
and others, 1979; Finley 1985; Ogle and others, 1988).
To make comparisons with other studies, data
originally reported as wet-weight concentrations were
converted to dry-weight concentrations; unless
otherwise stated, wet-weight data were converted
using an assumed percent-moisture value of 75
percent.

In 1989 and 1990-91, a U.S. Fish and Wildlife
Service (USFWS) contract laboratory and USGS labo-
ratories prepared and analyzed samples from the
Yakima River Basin (Fuhrer, Fluter, and others, 1994).
The trace elements analyzed among years are shown
in table 5. In 1989 and 1990, benthic insect samples

Tabie 5. Elements analyzed in whole fish, fish liver, fish
muscle, clams, and aquatic insects, Yakima River Basin,
Washington, 1989-91

Number Year
Sampie of sites | collected | Elements analyzed

Whole fish 13 1990 | Arsenic, mercury,

(sculpin [Cottus and selenium

spp] only)

Fish liver 29 1989-90 | See footnote ! and 2

(multiple species)

Fish muscle 4 1991 Mercury

(multiple species)

Clams 6 1989-90 | See footnote ! and 2

(Corbicula

fluminea and

Margaritifera

Jalcata)

Aquatic-insects 31 1989-90 | See footnote ! and 2

(multiple species) Arsenic, mercury,
and selenium not
determined in 1990

11989: silver, aluminium, arsenic, boron, barium, beryllium,
cadmium, chromium, copper, iron, mercury, magnesium, manganese,
molybdenum, nickel, lead, selenium, strontium, titanium, vanadium, and
zinc.

21990: silver, arsenic, calcium, cadmium, cobalt, chromium,
copper, iron, mercury, magnesium, manganese, molybdenum,
nickel, lead, selenium, titanium, vanadium, and zinc.

were not sorted, prior to chemical analysis, to the same
taxonomic level. In other studies, differences in the
taxonomic composition of samples have been shown
to affect comparisons of element concentrations
between years (Cain and others, 1992) and may be a
factor in the Yakima River Basin. Also, differences in
analytical methods of laboratories resulted in different

analytical limits of determination. Differences in sam-
ple preparation or analysis between years are
explained in greater detail in subsequent sections, as
relevant to results of this study. Approach and meth-
ods, analytical methods, limits of determination, and
quality-assurance data have been described by Fuhrer,
Fluter, and others (1994) as well as trace-element data
for the different media covered in this report.

Elemental analyses of tissue from aquatic biota
are a widely accepted approach to assess temporal
(year to year) and spatial variations in environmental
contaminants (Phillips, 1980); this approach has been
incorporated into the NAWQA program (Crawford
and Luoma, 1993). Additionally, multiple species
were sampled to provide the spatial coverage
necessary for the Yakima River Basin. In this manner,
complementary data from other species may aid in
describing spatial variations in environmental
contaminants (Moore and others, 1991; Cain and
others, 1992). Data from streambed sediment,
suspended sediment, and water media also were
examined to help identify natural and anthropogenic
sources contributing to the spatial distribution of trace
elements in aquatic biota. Ancillary data were
collected for some species as correlative measures of
bioaccumulation. Age, size, sex, and the presence of
abnormalities, for example, were recorded as ancillary
data for fish. These data, however, were of limited use.
Because a limited number of species of fish existed at
many sites, acquiring 10 individual livers for each
composite sample sometimes required collection of a
wide range of ages and sizes of fish.

Polar substances, such as cadmium, copper, lead,
and zinc, concentrate in the livers of fish, but are
regulated to small concentrations in muscle (Crawford
and Luoma, 1993). For this reason, fish liver was
selected as the target organ for the Yakima River Basin
assessment of trace elements. Obtaining liver samples
from a single species that was pervasive over the basin
was problematic. Only sculpin were found in numbers
suitable for a basinwide survey; however, sculpin were
not collected from the main stem. Sculpin were
analyzed for arsenic, mercury, and selenium. Whole
bodies were analyzed instead of the liver because
sculpin are small. Therefore, comparing absolute
concentrations of trace elements between fish liver
(from other species) and whole sculpin should be
made with caution. In 1991, fish muscle was analyzed
for mercury (sites 8, 19, 22, and 50 [table 5]) to
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determine the risk to human health from consumption
of local game fish.

COMPARISON OF TRACE-ELEMENT
CONCENTRATIONS IN STREAMBED
SEDIMENT, WATER, AND FISH MUSCLE
WITH WATER-QUALITY GUIDELINES

Bioavailability and toxicity vary with the form
of a trace element (Jenne and Luoma, 1977). Aquatic
organisms that feed on detritus are exposed to trace
elements in solution and from the ingestion of
sediment (Luoma, 1989). Trace elements associated
with sediment generally are believed to be less
bioavailable than trace elements dissolved in water
(U.S. Environmental Protection Agency, 1992a). The
toxicity to aquatic organisms from trace elements
associated with sediment, however, is not necessarily
zero. The concentration of total metals in sediment
often are orders of magnitude higher than in water;
small geochemical changes in the chemistry of
sediment can affect solution chemistry greatly, and
thus enhance bioavailability (Luoma, 1989). For
example, trace elements associated with suspended
sediment may dissolve in the chemical environment of
the gill or the gut of an aquatic organism (U.S.
Environmental Protection Agency, 1992a; Luoma,
1983).

Streambed Sediment

As of 1993, the Washington State Department
of Ecology and EPA Region X did not have sediment-
quality guidelines. However, the Water Resources
Branch of the Ontario Ministry of the Environment,
Canada, developed Provincial Sediment Quality
Guidelines (Persaud and others, 1993). These
guidelines are compared with trace-element concen-
trations in streambed sediment of the Yakima River
Basin.

The Provincial Sediment Quality Guidelines for
trace elements are based on two levels of toxic effects.
The first level, termed the lowest effect level,
represents trace-element concentrations that can be
tolerated by a majority of benthic organisms and that
are comparable to the low effect levels determined
through a review of sediment-toxicity bioassays by the
National Oceanic and Atmospheric Administration
(Persaud and others, 1993). The second level, termed
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the severe effect level, represents trace-element
concentrations at which “pronounced disturbances of
the sediment-dwelling community can be expected”
and has been deemed a concentration that would be
detrimental to the majority of benthic species (Persaud
and others, 1993).

The lowest effect level and the severe effect
level were derived from a survey of trace-element
concentrations in bulk sediment in addition to a survey
of in-situ benthic abundance. Because concentrations
of trace elements in the Yakima River Basin were
determined from sediment finer than 62 um
(micrometers) in diameter (rather than bulk sediment)
and because the 62—um size fraction tends to have
higher element concentrations than bulk sediment,
element concentrations in the Yakima River Basin
may in some instances exceed the Provincial Sediment
Quality Guidelines, solely due to differences in the
quantity of fine-grained-size sediment. Consequently,
instances where trace-element concentrations in the
Yakima River Basin that exceed Provincial Sediment
Quality Guidelines should be used only as an
indication of potential sediment quality problems. The
Provincial Sediment Quality Guidelines are derived
from a large number of data sets—each data set
represents a minimum of 10 sites where at least 10
species of interest reside. In addition, the sum total of
the data sets is assumed to represent a complete range
of trace-element concentrations for benthic species of
interest. The 90th-percentile concentration is
determined for the trace-element concentrations in
each data set. These concentrations were then pooled
and plotted as a frequency distribution. The
concentration corresponding to the Sth percentile of
the frequency distribution was termed the “lowest
effect level” and, similarly, the concentration
corresponding to the 95th percentile of the frequency
distribution was termed the “severe effect level.”
Application of the Provincial Sediment Quality
guidelines was limited, however, because the
guidelines were not based on a toxicological response
and do not directly infer a cause and effect relation
between the trace-element content of streambed
sediment and the uptake of trace elements by aquatic
organisms.

Streambed sediment was compared with the Pro-
vincial Sediment Quality Guidelines at 32 locations
in the Yakima River Basin (table 6). Trace-element
concentrations at a number of sites exceeded the
severe effect level. Trace elements that exceeded the































































concentrations derived using the total-recoverable
method on unfiltered-water samples. There were nine
unfiltered-water samples analyzed for iron and
manganese. Only iron and manganese had an adequate
number of uncensored data (detectable-trace-element
concentrations) for making the regressions. The
resulting prediction equation6 is used to convert the
calculated-total concentrations to estimated
total-recoverable concentrations, which are then
compared against screening values as an aid in
understanding water-quality concerns. The estimated
total-recoverable concentrations of iron exceeded
screening values for ambient water quality (1,000
pg/L) at most fixed sites (table 9). Nearly one-third of
the estimated iron concentrations for the Yakima River
above Ahtanum Creek at Union Gap and for the
Yakima River at Kiona exceeded the screening value
for aquatic organisms.

Human Health

The ambient stream-water criteria for the
protection of human health (table 7) consist of ambient
concentrations which, for noncarcinogens, prevent
adverse health effects in humans, and represent
various levels of incremental cancer risk for suspected
or proven carcinogens. The human-health criteria are
designed to indicate human exposure to a contaminant
from (1) ingestion of water and aquatic organisms, and
(2) ingestion of aquatic organisms (U.S.
Environmental Protection Agency, 1992c). In the
former, 100 percent of the exposure to humans is
assumed to be from consumption of water containing a
specified-contaminant concentration and aquatic
organisms that have biologically concentrated a
contaminant from ambient stream water according to
an assumed biological concentration factor, (Nowell
and Resek, 1994; U.S. Environmental Protection
Agency, 1992¢). In the latter, 100 percent of the
exposure to humans is assumed to be from
consumption of aquatic organisms that have
biologically concentrated a contaminant from water on
the basis of a bioconcentration factor. Equations for
deriving ambient-contaminant concentrations for the
protection of human health are given in Nowell and
Resek (1994). The following discussion is focused

6 The regression equation for iron yielded an R-squared
value of 0.87 and a prediction equation, y = 517+0.58x (y =
estimated total-recoverable iron concentration; x = calculated
total-iron concentration).

principally on arsenic (a carcinogen) and mercury (a
noncarcinogen); concentrations of each exceeded
screening values for human health.

For carcinogens, the human-health criteria are
derived from a two-part evaluation in which the trace
element is assigned a weight of evidence classification
and a slope factor. The weight of evidence
classification is the likelihood that a trace element is a
human carcinogen. Arsenic, which is measured in
filtered-water samples in the Yakima River Basin, has
a “Group A” weight-of-evidence classification—a
human carcinogen (U.S. Environmental Protection
Agency, 1989). The slope factor is generally a
plausible upper-bound estimate (95-percent
confidence limit) of a human developing cancer as a
result of a lifetime (70 years) of exposure to a
particular level of a potential carcinogen. Slope factors
are derived from mathematical models that are used on
available data sets. These models extrapolate from
carcinogenic responses observed at high doses in
experimental animals to responses expected in humans
from lower exposure levels in the environment. If the
extrapolation model selected is EPA’s linearized-
multistage model (as in the case of arsenic) then the
resultant slope factor is known as q;* (U.S.
Environmental Protection Agency, 1989).

For example, the slope factor or q* for arsenic
is a 1.75 risk per milligram contaminant per kilograms
body weight per day (mg/kg/day)'l (U.S.
Environmental Protection Agency, 1992¢). For
carcinogens, the derivation of human-health criteria
for ambient stream water is contingent on several
additional assumptions which include:

Risk Level (RL) = an assigned level of
maximum-acceptable individual-
lifetime risk. Screening values for
human health are based on a RL =
10°—a level of risk not to exceed one
excess case of cancer per 100,000
individuals exposed over a 70-year
lifetime (U.S. Environmental Protection
Agency, 19993).

Consumption Rate (CR) = Mean daily
consumption rate, in kilograms per day
(kg/d), of the species of interest by the
general population or subpopulation of
concern averaged over a 70-year
lifetime. Screening values for human
health were derived using a CR of
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0.0065 kg/d—an estimate of the average
fish and shellfish consumption by the
general United States population (U.S.
Environmental Protection Agency,
1993). The value is approximately one
6-0z (ounce) fillet of fish per month. In
addition, screening concentrations
which include a measure of chemical
uptake from the consumption of water
(for example, EPA’s health advisories
for drinking water), or from the
consumption of water and fish, use a CR
of 2 liters of water per day—an estimate
of the average water consumption by the
general United States population.

Body Weight (BW) = Mean body weight, in
kilograms, of a standard adult within the
general population or subpopulation of
concern. Screening values for human
health were derived using a BW of 70 kg
(about 154 pounds, the average weight
of the general United States population.

Biological Concentration Factor = the ratio
of the contaminant concentration in an
aquatic organism, in milligrams per
kilograms to the contaminant
concentration in the surrounding water,
in milligrams per liter, and is reported in
units of liters per kilogram. A
weighted-average biological
concentration factor (BCF), adjusted to
the average percent lipids in fish and
shellfish (3 percent) is used by EPA in
deriving human-health guidelines (U.S.
Environmental Protection Agency,
1992c¢).

Concentrations of arsenic in ambient stream
water (filtered-water samples) in the Yakima River
Basin exceeded the screening value (based on EPA’s
ambient stream-water-quality criteria) for
consumption of aquatic organisms and water (0.18
ung/L) at seven sites, and overall, exceeded the
screening value in 43 percent of the samples (table 7).
Additionally, arsenic concentrations in ambient stream
water did not meet the screening value for
consumption of aquatic organisms (1.4 pg/L) at four
sites, and overall, exceeded the screening values in 30
percent of the samples (table 7). Exceedances of
arsenic were found predominantly in the lower
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Yakima Valley. The screening value for arsenic is
based only on the inorganic form (Federal Register,
1992, p. 60887). The arsenic determination in the
Yakima River Basin study, however, is based on the
organic and inorganic forms of arsenic. As a
conservative assumption for screening, arsenic is
assumed to reside in ambient water in the pentavalent
and (or) trivalent forms—the former being most likely
in surface water (Eisler, 1988, p. 8). Methylated forms
of arsenic also reside in surface water; their exact
proportions, however, are not known (Hem, 1989, p.
144). Methylated forms are significantly less toxic
than inorganic forms of arsenic (U.S. Environmental
Protection Agency, 1993, p. III-56; Federal Register,
1992, p. 60887).

For noncarcinogens, the screening values are
based on a Reference Dose (RfD) which represents a
daily exposure (with uncertainty spanning perhaps an
order of magnitude or more) to the human population
(including sensitive subpopulations) that is probably
without appreciable risk of causing deleterious effects
during a 70-year lifetime (U.S. Environmental
Protection Agency, 1992d). Additionally, the
assumptions listed for BW, CR, and BCF are used in
determining screening values for human health.
Screening values are derived from EPA ambient
water-quality criteria for human health (U.S.
Environmental Protection Agency, 1992c).

For the purpose of calculating screening values
for mercury (a noncarcinogen), EPA recommends that
the RfD for methylmercury be lowered from 0.0003
mg/kg/day to 6.0 x 10~ mg/kg/day (U.S. Environ-
mental Protection Agency, 1992d). The lowering of
the RfD is based on evidence that the fetus, and
possibly pregnant women, are at increased risk of
adverse neurological effects from exposure to
methylmercury (U.S. Environmental Protection
Agency, 1992d).

Under the usual conditions of temperature and
pressure, mercury in surface water exists in inorganic
forms which include the liquid (Hg®) and the ionic
(Hg,* and Hg?") states. In addition, inorganic forms in
sediment and water can be methylated to highly
soluble and toxic methylmercury (Moore, 1991). The
analytical technique used in the Yakima River Basin
study for measuring mercury in ambient stream water
is defined as a total- (inorganic plus organic) mercury
analysis. For screening purposes, total-mercury
concentrations are compared to the screening values
for human health. Using total-mercury concentrations



for comparison to screening values is conservative,
because 100 percent of the mercury that accumulates
in fish tissue (based on a BCF) is assumed to be in the
toxic methylmercury form. It is this methylated form
of mercury that is highly toxic to humans (U.S.
Environmental Protection Agency, 1992d).

Concentrations of filtered mercury in ambient
stream water in the Yakima River Basin exceeded the
human-health screening value for consumption of
aquatic organisms and water (0.14 pg/L) at six of the
seven fixed sites, and overall, exceeded the screening
value in 4 percent of the samples. Because the
criterion for consumption of aquatic organisms is
similar (0.15 pg/L) to the human-health screening
value, the frequency and occurrence of exceedances
for consumption of aquatic organisms is identical to
that for consumption of aquatic organisms and water
(table 7).

Concentrations of mercury in unfiltered-ambient
water in the Yakima River Basin exceed the
human-health screening value for consumption of
aquatic organisms and water at four of the seven fixed
sites—exceedances are identical for consumption of
aquatic organisms (table 8). Using mercury
concentrations from unfiltered-water samples for
comparison to screening values is not conservative
and exceedances should be interpreted accordingly.

Drinking Water

Trace-element concentrations determined from
filtered- and unfiltered-water samples were screened
by making comparisons with EPA drinking-water
regulations (U.S. Environmental Protection Agency,
1992¢) and EPA advisories for human health (U.S.
Environmental Protection Agency, 1992b).

The water samples from the Yakima River Basin
that were compared to drinking-water guidelines
represent untreated water (ambient stream water,
rather than finished or treated water available for
distribution to community-water supplies). The
principal sites for diverting stream water to
water-treatment plants for the city of Cle Elum and
Yakima, respectively, are located on the Yakima River
(RM 183) and on the Naches River (RM 18.4). The
Yakima River at Cle Elum (RM 183) was the only
sampling site adjacent to a water-treatment-plant
intake. Although nearly all sites sampled in this study
were not sources for domestic-water supplies,
water-quality exceedances were important because

many of these sites reside in streams classified by the
State of Washington as AA- or A-type waters.
Classifications AA and A require that water “shall
markedly and uniformly exceed requirements for all
uses,” which include domestic-water supplies
(Washington State Administrative Code, 1992). It is
important to note, however, that “although a surface
water in Washington State may be designated as a
potential domestic-water source”, in Chapter 173201
in the Washington State Administrative Code (1992),
“approval for such use must first be obtained from the
Washington State Department of Health following an
evaluation of the water quality” (Harriet Ammann,
Denise Laflamme, and Glen Patrick, Washington State
Department of Health, written commun., 1993). Thus,
trace-element concentrations, which exceed screening
values (drinking-water regulations), in filtered and
unfiltered stream-water samples are not an indication
that human health is directly at risk.

Regulations

The types of primary and secondary drinking-
water regulations set forth by EPA include Maximum
Contaminant Levels (MCLs), Maximum Contaminant
Level Goals (MCLGs), and Secondary Maximum
Contaminant Levels (SMCLs) [U.S. Environmental
Protection Agency, 1991]. The MCLs represent
achievable levels of drinking-water quality that take
into consideration health effects, treatment feasibility,
and aesthetic considerations. The MCLGs are non-
enforceable health goals that are not expected to cause
any adverse human-health effects over a lifetime of
exposure and include a margin of safety. The SMCLs
are unenforceable guidelines regarding the taste, odor,
color, and certain other nonaesthetic effects of
drinking water.

Concentrations of lead in filtered-water samples
did not meet the. screening value (based on the MCLG
for drinking water) at six sites, and overall, exceeded
the screening value in 6 percent of the samples (table
7). In the Yakima River at Kiona, a fixed site, lead was
detected in 6 of 40 determinations for 1987-90—the
MCLG for lead is 0 pg/L. Kiona had the largest
number of detectable-lead concentrations; the next
largest concentrations of lead were found in the
Naches River near North Yakima, also a fixed site,
which had detectable lead in 4 of 37 determinations.
Manganese did not meet the MCLG at site 35, a drain
that receives agricultural runoff at Progressive Road
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near Harrah. Analysis of historical water-quality data
(1953-85) in the Yakima River Basin show that
drinking-water exceedances for lead and manganese
represent about 2 percent of the total number of
historical determinations (Rinella and others, 1992).
During the July 1987 synoptic sampling, 30 pug/L of
lead was detected by ICP in the Yakima River at RM
91 at Zillah; however, during a follow-up sampling in
November 1987, lead was below the analytical limit of
determination. The high lead concentration in July
1987 corresponds to anomalous concentrations of
chromium and zinc and probably indicates the
inadvertent use of a brass sampler.

Concentrations of iron in unfiltered-water
samples did not meet the screening value (based on
the SMCL for drinking water) at six of the fixed sites
and, overall, exceeded the SMCL in 94 percent of the
samples (table 8). However, because the correspond-
ing iron concentrations in filtered-water samples met
the SMCL, the exceedances in unfiltered water
probably resulted from iron associated with sediment.
Additionally, iron associated with sediment probably
would be removed in the water-treatment process. The
percentage of estimated total-recoverable concen-
trations that did not meet the SMCL for iron (table 9)
was similar to that for iron in unfiltered-water
samples. Again, however, the exceedances probably
resulted from iron associated with sediment. The
concentration of suspended sediment associated with
iron exceedances ranged from 19 to 212 mg/L; how-
ever, concentrations associated with non- exceedances
were less than or equal to 16 mg/L. The concentration
of manganese in an unfiltered-water sample collected
in the Yakima River at Euclid Bridge at RM 55 near
Grandview (table 8) did not meet the MCLG (200
ug/L). Of 42 estimated total-recoverable manganese
concentrations’, only one value exceeded the MCLG
(table 9). This value was determined from a sample
collected in November 1987 at the Yakima River
above Ahtanum Creek at Union Gap, which con-
tained high concentrations of suspended sediment
(137 mg/L) and suspended manganese (2,930 pg/g).

The regression for manganese yielded an R-squared
value of 0.78 and a prediction equation, y = 20.4+0.74 x
(y = estimated total-recoverable manganese concentra-
tion; x = calculated total-manganese concentration).
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Health Advisories

Concentrations of trace elements in filtered- and
unfiltered-water samples are screened for human-
health effects by making comparisons to human-health
advisories for drinking water (U.S. Environmental
Protection Agency, 1992b). For the carcinogen
arsenic, the human-health advisory listed in table 7 is a
risk specific dose (RSD) associated with a specified
RL and is calculated from the q,* for arsenic (Nowell
and Resek, 1994). For the non-carcinogen mercury,
the human-health advisory listed in table 7 is a
lifetime-health advisory which is equal to 20 percent
of the drinking water equivalent level (Nowell and
Resek, 1994). Unlike the ambient water-quality
criteria, however, health advisories are based only on
the consumption of domestic water. In the Yakima
River Basin study, ambient stream water is used to
screen for health effects. Additionally, the
aforementioned assumptions for BW, CR (2 liters of
water per day), and RL (107) are applicable to
screening values for health advisories.

Concentrations of arsenic in ambient stream
water (filtered-water samples) in the Yakima River
Basin exceeded the screening value (EPA’s RSD of 0.2
ug/L) for consumption of domestic-drinking water at 6
sites and overall exceeded the screening value in 31
percent of the samples (table 7). The largest number of
exceedances were in the lower Yakima Valley. For
example, 20 of 25 ambient stream-water samples
collected from the Yakima River at Kiona from 1987—
90 exceeded the screening value. Although all 15
arsenic determinations at Sulphur Creek Wasteway
near Sunnyside would have exceeded the screening
value, these determinations were omitted from table 7
because Sulphur Creek is designated Class B in the
Washington State Administrative Code (1992). Class
B waterways are not required to meet water-quality
guidelines for domestic-water supplies. The arsenic
concentrations in Sulphur Creek (especially during
base-flow conditions), however, may be indicative
of arsenic concentrations in shallow domestic-ground-
water supplies in the Sulphur Creek drainage.

Concentrations of mercury in ambient stream
water (filtered-water samples) rarely exceeded the
screening value (EPA’s lifetime-health advisory of
0.4 pg/L). The two exceedances measured were in
the Kittitas Valley—one from the Yakima River at
Cle Elum and the other from the Yakima River at
Umtanum (table 7). These exceedances, however,
represent only 1 percent of all the samples.



Fish Muscle

Fish muscle was analyzed for mercury for
various fish taxa collected from four sites in 1991
(table 10). Sites sampled in 1991 generally coincided
with mercury anomalies in fish livers from samplings
in 198990 (Fuhrer, Fluter, and others, 1994). The
median mercury concentration in fish muscle and for
each fish species from each site (table 10) were
screened against mercury concentrations in fish that
are of potential public-health concern. According to
the EPA, “exceedance of screening values should be
taken as an indication that more intensive site-specific
monitoring and (or) evaluation of human-health risk
should be done” (U.S. Environmental Protection
Agency, 1992d). State and local health agencies are
responsible for issuing advice and (or) formal
advisories to protect the health of their constituents.

The screening values for mercury in fish muscle
are calculated from a dose-response variable which,
for noncarcinogens such as mercury, is the RfD.
Additionally, the assumptions listed above for B and
CR also are applicable. Screening values are
determined for noncarcinogens by the following
equation:

SV, =RIDx BW ,
CR

where, SV, is the screening value for a noncarcino-
gen in units of milligrams per kilogram and BW
and CR are defined earlier. Recognizing that
screening levels change as CR and (or) BW vary,
screening levels are calculated for standard adults,
children, recreational fishermen, and subsistence
fishermen (table 11). The EPA applies an uncer-
tainty factor of 1,000 to the RfD as a safeguard to
account for uncertainty in projecting human-health
effects over a 70-year lifetime from animal studies
of less than a lifetime duration (Moore, 1991, p.
205). In addition to applying an uncertainty factor,
the EPA also has lowered the RfD to 6.0 x 107 for
screening purposes as a conservative measure to
prevent adverse neurological effects from expo-
sure to methylmercury (U.S. Environmental Pro-
tection Agency, 1992c¢).

Muscle samples collected from rainbow trout
and mountain whitefish at four sites in the Yakima
River Basin contained mercury concentrations that
were below the screening-value standards for adults

(table 11). The standard-adult screening value is based
on the consumption of about one 6-ounce fillet per
month for a 70-kg adult over a 70-year lifetime.
Mercury concentrations in fish muscle of largescale
sucker collected in the Yakima River at Kiona,
however, exceeded the EPA screening value (0.65
pg/g) for standard adults. Because some individuals
consume different quantities of fish and differ in body
weight, EPA screening values are calculated for
subpopulations that include children, recreational
fishermen, and subsistence fishermen in addition to
standard adults (table 11). The concentration of
mercury in fish muscle consumed by children eating
an average of one 6-ounce fillet per month exceeded
the screening value (0.11 pg/g) for all species sampled
and at all sites sampled. Similarly, screening values of
0.14 and 0.03 pg/g were exceeded, respectively, by
recreational fishermen (consumers of an average of
about five 6-ounce fillets per month) and subsistence
fishermen (consumers of an average of about 25
6-ounce filets per month) for all fish species sampled
and at all sites sampled.

The screening values derived for mercury are
based on the assumption that mercury resides in or has
been converted to methylmercury in fish muscle that is
consumed by humans. Total mercury, rather than
methylmercury, was measured in the Yakima River
Basin study in accordance with the EPA recommen-
dation that total mercury be determined and the
conservation assumption be made that all mercury is
present as methylmercury. This approach has been
deemed the most protective of human health because
methymercury is the most toxic mercury form for
humans, and also because methylmercury is the most
common form measured in fish muscle (U.S. Environ-
mental Protection Agency, 1992d).

SPATIAL AND TEMPORAL
DISTRIBUTION OF TRACE
ELEMENTS IN THE AQUATIC
ENVIRONMENT

The spatial distribution of trace elements in
sediment, water, and aquatic organisms in the Yakima
River Basin is governed by factors which include:
natural weathering and erosion of rocks and soils of
the Cascade Range; decomposition of plant and
animal matter; atmospheric deposition affected by
natural events (ash fallout from the volcanic eruption
of Mount St. Helens); human activities (combustion of
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Tabie 10. Concentrations of mercury in muscle of rainbow trout, largescale sucker, and mountain whitefish, Yakima
River Basin, Washington, October 29-31, 1991

[Concentrations are reported in micrograms per gram (ug/g), dry weight; sample species: rainbow trout (Oncorhynchus mykiss), largescale sucker
(Catostomus macrocheilus), and mountain whitefish (Prosopium williamsoni))

Site
reference
number Site name Species sampled Concentrations

8 Taneum Creek at Taneum Meadow near Thorp Rainbow trout 0.32

.20

20

25

25

19 Yakima River at Umtanum Rainbow trout .30

22 Rattlesnake Creek above North Fork Rainbow trout .18
Rattlesnake Creek near Nile

A7

21

.20

A7

50 Yakima River at Kiona Largescale sucker 41

.84

1.05

.89

1.56

.98

1.00

Mountain whitefish 23

38

.58

.29

31

35

28






















Tabie 15. Summary of selected trace-element concentrations in aquatic biota, Yakima River Basin,
Washington, 1989-91 )

[To avoid statistical bias that may be associated with constituents analyzed in duplicate or triplicate at a site, the mean
element concentration of each site was statistically summarized; concentrations are reported in units of micrograms per gram
(ug/g), dry weight; livers from bridgelip sucker, carp, largescale sucker, mountain whitefish, and rainbow trout were analyzed
from composites of usually 10 samples; whole bodies of sculpin, caddisflies, and stoneflies were analyzed from composites of
usually 10 fish and 50 or more insects; soft parts of the Asiatic clam were analyzed from composites of usually 20 samples;
curlyleaf-pondweed and waterweed samples consisted of a minimum of 5 grams of mass; only 1990 data are summarized for
largescale suckers, Arctopsyche spp., Hydropsyche spp., and lead in Asiatic clams; Asiatic clams were of the order Veneroida
and family Corbiculidae; organism taxa are listed as follows: common name

(Genus species)]
Sample Number of Minimum Median Maximum
sites
Arsenic
Bridgelip sucker
(Catostomus columbianus) 3 0.20 0.85 12
Largescale sucker
(Catostomus macrocheilus) 6 10 30 50
Mountal'n whi?ef.ish ' 7 <30 <30 40
(Prosopium williamsoni)
Sculpin
(Cottus spp.) 12 <10 15 37
Asiatic clam
. 2
(Corbicula fluminea) 3 36 4.l 5
Curlyleaf pondw§ed 3 43 79 15
(Potamogeton crispus)
Waterweed
. 1. 2.6
(Elodea sp.) 4 10 6
Cadmium
Carp
. 79 2.5
(Cyprinus carpio) 3 46
Largescale sucker
.03 .35 43
(Catostomus macrocheilus) 6
Mountain whitefish . 7 <20 <20 12
(Prosopium williamsoni)
Rainbow trout
<, <.40 1.0
(Oncorhynchus mykiss) 10 40
Asiatic clam
<.20 .24 38
(Corbicula fluminea) >
Caddisfly 12 <41 <.41 A3
(Arctopsyche sp.)
Caddisfly 4 <19 <19 19
(Cheumatopsyche spp.)
Caddisfly <18 <18 25
(Hydropsyche spp.) 2 ) )
Stonefly 6 <14 <14 45
(Calineuria spp.)
Stonefly 7 <15 16 40
(Claassenia sp.)
Stonefly 5 <15 <15 50
(Doroneuria spp.)
Stonefly 10 <12 <12 33
(Hesperoperla sp.)




Table 15. Summary of selected trace-element concentrations in aquatic biota, Yakima River Basin,
Washington, 1989-91—Continued

Sample Number of Minimum Median Maximum
sites
Cadmium—Continued
Stonefly
(Megarcys spp.) 3 .18 .24 .36
Stonefly
(Perlinodes spp.) 3 12 7 25
Stonefly
(Pteronarcys spp.) 8 <4l <4l <41
Stonefly
(Skwala spp.) 9 <23 <23 23
Curlyleaf pondw;ed 3 <80 <50 91
(Potamogeton crispus)
Chromium
Largescale sucker 6 50 59 18
(Catostomus macrocheilus) ’ : )
Mountai.n whit.ef.ish ' 7 <1.0 <1.0 1.0
(Prosopium williamsoni)
Rainbow trout
<4, <4.0 <4.0
(Oncorhynchus mykiss) 10 0
Asiatic clam
4 2.0
(Corbicula fluminea) 3 10 :
Caddisfly
. 1.6 10
(Arctopsyche sp.) 12 "
Caddisfly
. 4.3 5.9
(Cheumatopsyche spp.) 4 23
Caddisfly
.66 2.4 38
(Hydropsyche spp.) 24
Stonefly <11 R 3.9
(Calineuria spp.) 6 ) ’ ’
Stonefly
4 1.4 2.2
(Claassenia sp.) 7 ?
Stonefly
95 1.3 2.6
(Doroneuria spp.) 3
Stonefly 10 61 13 24
(Hesperoperla sp.)
Stonefly
44 2.2 5.2
(Megarcys spp.) 3
Stonefly
2.2 3.0 34
(Perlinodes spp.) 3
Stonefly 8 58 1.2 33
(Pteronarcys spp.)
Stonefly 9 31 1.8 16
(Skwala spp.)
Curlyleaf pondwt?ed 3 2.0 3.0 4.0
(Potamogeton crispus)
Waterweed
3.8 6.4 83
(Elodea sp.) 4




Tabie 15. Summary of selected trace-element concentrations in aquatic biota, Yakima River Basin,
Washington, 1989-91—Continued

Sample Number of Minimum Median Maximum
sites
Cobalt

Largescale sucker
(Catostomus macrocheilus) 6 0.12 0.31 0.50
Mountal.n whl?ef.ish . p . o ”
(Prosopium williamsoni)
Rainbow trout
(Oncorhynchus mykiss) 5 18 32 46
Asiatic clam
(Corbicula fluminea) 4 .50 58 1.1
Caddisfly
(Arctopsyche sp.) 12 71 1.1 5.0
Caddisfly
(Cheumatopsyche spp.) 4 1.8 25 5.7
Caddisfly
(Hydropsyche spp.) 24 75 2.7 9.1
Stonefly
(Calineuria spp.) 6 37 .68 86
Stonefly
(Claassenia sp.) 7 39 57 1.0
Stonefly
(Doroneuria spp.) 5 20 49 1.7
Stonefly
(Hesperoperla sp.) 10 25 43 1.8
Stonefly

. 7
(Megarcys spp.) 3 58 88 9
Stonefly

. 7
(Perlinodes spp.) 3 1.8 22 5
Stonefly
(Pteronarcys spp.) 8 74 .82 43
Stonefly 9 " o »
(Skwala spp.)

Copper
Bridgelip sucker
1
(Catostomus columbianus) 3 17 14 9
car ; ; 3 28 55 100
(Cyprinus carpio)
Largescale sucker
32

(Catostomus macrocheilus) 6 23 26
Mountai.n wthef_ish ' ; iy 4 »
(Prosopium williamsoni)
Rainbow trout
(Oncorhynchus mykiss) 10 18 91 480
Asiatic clam
(Corbicula fluminea) 3 25 28 34




Table 15. Summary of selected trace-element concentrations in aquatic biota, Yakima River Basin,
Washington, 1989-91—Continued

Sampie N“:::;’ of Minimum Median Maximum
Copper—Continued
Caddisfly
(Arctopsyche sp.) 12 5.9 9.8 15
Caddisfly
(Cheumatopsyche spp.) 4 6.5 12 19
Caddisfly
(Hydropsyche spp.) 24 9.2 13 21
Stonefly
(Calineuria spp.) 6 18 22 2
Stonefly
(Claassenia sp.) 7 27 32 38
Stonefly 5 25 30 38
(Doroneuria spp.)
Stonefly
(Hesperoperla sp.) 10 13 24 28
Stonefly
6
(Megarcys spp.) 3 I 26 3
Stonefly
22
(Perlinodes spp.) 3 14 15
Stonefly
32
(Pteronarcys spp.) 8 80 21
Stonefly
19 26
(Skwala spp.) o 14
Curlyleaf pondwc?ed 3 92 1 22
(Potamogeton crispus)
Waterweed
19 65
(Elodea sp.) 4 13
Lead
Largescale sucker 6 <12 18 29
(Catostomus macrocheilus)
Mountain whitefish 7 <4.0 <4.0 <4.0
(Prosopium williamsoni)
Asiatic clam 4 18 31 40
(Corbicula fluminea)
Caddisfly <. <. 24
(Arctopsyche sp.) 12 ) ’
Caddisfly
1.3 2.1 32
(Cheumatopsyche spp.) 4
Caddisfly <
. 1.1 5.6
(Hydropsyche spp.) 24 %6
Stonefly < <
. .68 1.8
(Claassenia sp.) 7 68




Table 15. Summary of selected trace-element concentrations in aquatic biota, Yakima River Basin,
Washington, 1989-91—Continued

Sample Number of Minimum Median Maximum
sites
Lead—Continued
Stonefly
(Doroneuria spp.) 5 <0.59 <0.59 0.65
Stonefly
(Hespero;_)erla sp.) 10 <.65 <.65 92
Stonefly
(Perlinodes spp.) 3 1.8 238 3.3
Stonefly
(Pteronarcys spp.) 8 <21 <21 <2.1
Stonefly
(Skwala spp.) 9 <.80 <.80 2.8
Mercury
Bridgelip sucker
(Catostomus columbianus) 3 05 .06 06
o i i 3 30 38 42
(Cyprinus carpio)
Largescale sucker
(Catostomus macrocheilus) 6 05 32 47
Mountal.n whlt'ef.ish ‘ ; 0 . o
(Prosopium williamsoni)
Rainbow trout
(Oncorhynchus mykiss) 10 12 26 35
Sculpin
(Cottus spp.) 12 .09 19 31
Asiatic clam
(Corbicula fluminea) 3 10 .16 17
Curlyleaf pondwi:ed g 0 05 "
(Potamogeton crispus)
Waterweed
. 9
(Elodea sp.) 4 06 07 0
Nickel
Asiatic clam
< <2, <2.0
(Corbicula fluminea) 3 2.0 2.0
Caddisfly
< <l. 4
(Arctopsyche sp.) 12 1.0 1.0 2
Caddisfly
(Cheumatopsyche spp.) 4 1.5 5.1 7.3
Caddisfly
(Hydropsyche spp.) 24 38 2.4 5.5
Stonefly
(Calineuria spp.) 6 28 A8 6.9
Stonefly
< !
(Claassenia sp.) 7 <.38 .38 6.4
Stonefly
<, 1
(Doroneuria spp.) 3 15 1.4 6
Stonefly
< . i
(Hesperoperla sp.) i 26 43 7.1
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Table 15. Summary of selected trace-element concentrations in aquatic biota, Yakima River Basin,

Washington, 1989-91—Continued

Sampie Number of Minimum Median Maximumm
sites
Nickel—Continued
Stonefly
(Megarcys spp.) 3 0.26 2.0 24
Stonefly
(Perlinodes spp.) 3 22 23 76
Stonefly
(Pteronarcys spp.) 8 74 1.2 7.5
Stonefly
(Skwala spp.) 9 38 86 34
Curlyleaf pondweed
(Potamogeton crispus) 8 3.0 5.8 20
Waterweed
(Elodea sp.) 4 8.5 14 23
Selenium
Bridgelip sucker
(Catostomus columbianus) 3 1.9 20 52
Carp
(Cyprinus carpio) 3 2.2 3.8 42
Largescale sucker
(Catostomus macrocheilus) 6 1.9 35 4.3
Mountain whitefish
(Prosopium williamsoni) 7 42 50 13
Rainbow trout
(Oncorhynchus mykiss) 10 2.2 7.0 31
Sculpin
(Cottus spp.) 12 20 1.6 5.4
Asiatic clam
(Corbicula fluminea) 5 21 2.4 3.0
Curlyleaf pondweed
(Potamogeton crispus) 8 20 36 .70
Waterweed
(Elodea sp.) 4 30 59 1.2
Silver
il 3 24 45 3.0
(Cyprinus carpio) .
Largescale sucker
(Catostomus macrocheilus) 6 06 10 14
Mountain whitefish 7 <0 <20 <0
(Prosopium williamsoni) ¥ ‘ .
Rainbow trout
(Oncorhynchus mykiss) 10 <1.0 <7.0 20
Stonefly
(Calineuria spp.) 6 <.09 A3 21
Stonefly
(Claassenia sp.) 7 A3 15 30
Stonefly
(Doroneuria spp.) 5 <.07 12 30
Stonefly 0 <08 08 P
(Hesperoperla sp.) . :




Table 15. Summary of selected trace-element concentrations in aquatic biota, Yakima River Basin,
Washington, 1989—91—Continued

Sample Number of Minimum Median Maximum
sites
Zinc
Bridgelip sucker
(Catostomus columbianus) 3 55 56 94
Carp
(Cyprinus carpio) 3 160 634 890
Largescale sucker
(Catostomus macrocheilus) 6 60 81 102
Mountal'n wtheﬁsh ' ; o " -
(Prosopium williamsoni)
Rainbow trout
(Oncorhynchus mykiss) 10 75 99 226
Asiatic clam
(Corbicula fluminea) 5 96 108 452
Caddisfly
(Arctopsyche sp.) 12 96 141 192
Caddisfly
(Cheumatopsyche spp.) 4 81 96 102
Caddisfly
(Hydropsyche spp.) 24 67 105 152
Stonefly
(Calineuria spp.) 6 142 196 251
Stonefly
(Claassenia sp.) 7 174 218 352
Stonefly _ 5 216 . "
(Doroneuria spp.)
Stonefly 0 276 7 o0
(Hesperoperia sp.)
Stonefly
1 256 271
(Megarcys spp.) 3 27
Stonefly
4 106 141
(Perlinodes spp.) 3 8
Stonefly " 14 . ™
(Pteronarcys spp.)
Stonefly
138 314
(Skwala spp.) 9 102
Curlyleaf pondweed g " - -
(Potamogeton crispus)
Waterweed
44 130 239
(Elodea sp.) 4
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EXPLANATION

Interquartile range equals the value of the 75th
percentile minus the value of the 25th percentile.

0  More than 3 times the interquartile range
from the 75-percentile value

X 1.5 to 3 times the interquartile range from
the 75-percentile value

Less than 1.5 times the interquartile range
from the 75-percentile value

75-percentile value
Median value
25-percentile value

Less than 1.5 times the interquartile range
from the 25-percentile value

X 1.5 to 3 times the interquartile range from
the 25-percentile value

Figure 6. Distribution of antimony concentrations in
suspended sediment at fixed sites in the Yakima River
Basin, Washington, 1987—90 (“Cle Elum” represents
Yakima River at Cle Elum; “Umtanum” represents
Yakima River at Umtanum; “Naches” represents Naches
River near North Yakima; “Union Gap” represents
Yakima River above Ahtanum Creek at Union Gap;
“Sulphur Creek” represents Sulphur Creek Wasteway
near Sunnyside; “Grandview” represents Yakima River
at Euclid Bridge at river mile 55 near Grandview; and
“Kiona” represents Yakima River at Kiona).

Lake, enters the Yakima River at Cle Elum. At times,
Cle Elum Lake may act as a sieve, by passing
small-grained-sized suspended sediment and trapping
larger sediment particles. Contributions of suspended
sediment, from areas less enriched than the Cle Elum
River drainage, would dilute the concentration of

suspended antimony in the Yakima River at Cle Elum.

One possible source of less-enriched antimony is
Crystal Creek (formerly Roslyn Creek) which flows
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into the main stem 0.15 miles upstream from the
Yakima River at Cle Elum sample site. Crystal Creek
receives urban runoff from the towns of Cle Elum and
Roslyn, in addition to runoff from numerous open-pit
coal mines that are located east of Roslyn. During the
January storm, Crystal Creek was creating a turbidity
plume which, during the rising limb of the storm,
obscured the shallow river bottom near the left bank of
the main stem at Cle Elum. The Crystal Creek
drainage, which is located in the nonmarine rock
geologic unit, contains concentrations of antimony
(0.5 png/g and 0.8 pg/g) in streambed sediment that
were small in comparison to the large concentration
(4.8 ug/g) in streambed sediment in the Cle Elum
River drainage (Ryder and others, 1992). During large
storms, therefore, Crystal Creek may be diluting the
concentration of suspended antimony at Cle Elum
because of Crystal Creek’s close proximity to the
Yakima River at Cle Elum sampling site.

The peak of a rain-on-snow storm at the Yakima
River at Cle Elum was sampled on April 6, 1989.
Similar to the January 1990 storm, streamflow near the
peak of the storm was large (2,150 ft3/s) and the
concentration of suspended sediment also was large
(85 mg/L). Similar to the sample collected near the
peak of the storm in January 1990, the concentration
of antimony near the peak of the April 1989 storm was
only 0.6 pg/g (fig. 7). These two storm samplings, in
addition to a third storm-event sampling (May 9,
1989), indicated that concentrations of suspended
antimony are diluted during large storms, presumably
by less enriched concentrations of antimony from
drainages such as Crystal Creek. What remains
unclear, however, is the transport potential of
antimony to the main stem from sources in the Cle
Elum River Drainage.

On the basis of a limited number of filtered-
water determinations at fixed sites, antimony was
measured in the Yakima River at Umtanum and in the
Yakima River above Ahtanum Creek at Union Gap at
the limit of determination (1 pg/L) in 2 of 22 samples.
Although antimony was detected at the limit of deter-
mination (1 pg/L), antimony concentrations were high
in comparison to background concentrations in natural
water. Antimony measured at the Umtanum and Union
Gap sites were 10 times greater than background con-
centrations in other basins that are minimally affected
by human activities (0.1 pg/L; Forstner and Wittmann,
1979) [table 36 at back of report].
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Figure 7. Streamflow and antimony concentrations in suspended sediment for selected time periods for the Yakima River
at Cle Elum, Yakima River Basin, Washington, 1988-90 (snowmelt season occurs April through May; non-irrigation season

occurs October through March).

Arsenic and Lead

Concentrations of arsenic in streambed sediment
at the 32 biological sampling sites ranged from 1.1 to
45 ng/g (table 12). Concentrations of arsenic as high
as 45 pg/g and 29 ng/g were measured in streambed
sediment of the Waptus River at mouth near Roslyn
(site 1) and Jungle Creek near mouth (site 3),
respectively, which are probably from geologic
sources. Streambed sediment in the Waptus River
drainage in the Wenatchee Mountains is formed from
pre-Tertiary metamorphic and intrusive rocks of the
Cascade Range geologic province. Streambed
sediment concentrations of arsenic as large as 31 pg/g
in this pre-Tertiary rock geologic unit were reported
by Fuhrer and others (1994a) and were attributed to
the presence of arsenopyrite. Streambed sediment in
the Jungle Creek drainage is formed from nonmarine
sedimentary rock of the Cascade Range geologic
province. Concentrations of arsenic as high as 21 pg/g
were reported in streambed sediment of the nonmarine
rock geologic unit (Fuhrer, McKenzie, and others,
1994) which contains hydrothermally altered volcanic
and granitic rock with concentrations of arsenic as
large as 7,000 pg/g (Simmons and others, 1983;
Gualtieri and Simmons, 1989).

Concentrations of arsenic in main-stem
tributaries are as much as 16 times larger than
concentrations in the main stem. The largest difference
in arsenic concentration was between the Waptus
River at mouth near Roslyn (site 1; 45 pg/g) and the
Yakima River at Umtanum (site 19; 2.8 ug/g) located
6.6 miles downstream of irrigation return flows
entering the main stem from the Kittitas Valley
(fig. 8). Arsenic-depleted sediment within the Kittitas
Valley was probably responsible for the measurably
lower arsenic concentrations in the Yakima River at
Umtanum (Fuhrer, McKenzie, and others, 1994).
Concentrations of arsenic as high as 13.0 pg/g and
9.8 ug/g were measured in the American River at
Hell’s Crossing and in Rattlesnake Creek above North
Fork Rattlesnake Creek, respectively. Both streams are
tributaries to the Naches River, and the presence of
arsenic in these streams probably was the result of
geologic sources. Although, arsenic concentrations at
the mouths of many streams carrying irrigation return
flow to the main stem are lower than in streams
affected by geologic sources, some streams that
receive irrigation return flow show evidence of arsenic
enrichment. For example, arsenic concentrations
increased more than 4 times in a downstream manner
in Satus Creek. Arsenic concentrations increased from

n
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Figure 8. Arsenic concentrations in streambed sediment of the main stem and tributaries, Yakima River Basin, Washington,
1987-90 (“Waptus River” represents Waptus River at mouth near Roslyn; “Jungle Creek” represents Jungle Creek near
mouth near Cle Elum; “Rattlesnake Creek above North Fork” represents Rattiesnake Creek above North Fork Rattlesnake
Creek near Nile; “Rattiesnake Creek” represents Rattlesnake Creek above Little Rattiesnake Creek near Nile; “American
River” represents American River at Hells Crossing near Nile; “Satus Creek at gage” represents Satus Creek at gage at
Satus; “Satus Creek below Dry Creek” represents Satus Creek below Dry Creek near Toppenish; and “Satus Creek”
represents Satus Creek above Wilson-Charley Canyon near Toppenish).

1.3 to 2.8 to 5.8 pg/g at Satus Creek sites above
Wilson-Charley Canyon (site 57), below Dry Creek
(site 53), and at Gage at Satus (site 47), respectively.
Potential sources of arsenic in agricultural
land-use areas include the historical application of
pesticides containing lead arsenate. In eastern
Washington, beginning in 1908, lead-arsenate
formulations were applied to control codling moth in
apples. This practice continued until the introduction
of dichlorodiphenyltrichloroethane (DDT) in 1947.
Significant amounts of this pesticide have been
applied and detected in the basin’s agricultural soils;
arsenic concentrations as large as 140 pg/g were found
in a former Yakima River Basin apple orchard
(Fuhrer, McKenzie, and others, 1994). Using available
land-use information, which does not separate
agricultural land into orchard and non-orchard
categories, and a spatially large sampling of Yakima
River Basin streambed sediment, Fuhrer, McKenzie,
and others, 1994, have shown that lands classified as
agricultural had significantly larger (p <0.05) arsenic
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concentrations than lands classified as nonagricultural
(fig. 9). The enrichment of arsenic occurred in
agricultural land-use areas residing in the Quaternary
deposits and loess geologic unit and the nonmarine
sedimentary rock geologic unit—geologic hosts to
many of the basin’s apple orchards. The enrichment of
arsenic in agricultural areas may result from a legacy
of pesticide use.

Concentrations of lead in streambed sediment of
the Yakima River Basin ranged from 9.0 to 63.0 pg/g
(table 12) and slightly exceed the 5.2 to 55 pg/g range
of concentration that encompasses 95 percent of
Western United States soils (R.C. Severson, U.S.
Geological Survey, written commun.,1987, based on
data in Shacklette and Boerngen, 1984). The median
concentration of lead at the biological sampling sites
(14 pg/g) is nearly one-half that in fine-fraction
streambed sediment in the highly urbanized Upper
Illinois River Basin (table 34, at back of report). Lead
concentrations as large as 63 pg/g, 56 pg/g, and
36 ng/g, however, were measured in Wide Hollow
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Figure 9. Comparison of arsenic concentrations between
agricultural and nonagricultural land uses for streambed
sediment of lower-order streams in the Quaternary
deposits and loess geologic unit and in the nonmarine
sedimentary rocks geologic unit, Yakima River Basin,
Washington, 1987.

Creek at West Valley Middle School near Ahtanum
(site 27), Wide Hollow Creek at old sewage treatment
plant at Union Gap (site 29), and Naches River near
north Yakima (site 26), respectively.

Lead in Wide Hollow Creek Subbasin probably
results from urbanization, agricultural practices, and
light industrial, rather than from geologic sources.
Geologic sources of lead in Wide Hollow Creek
Subbasin are few and consist of the Quaternary
deposits and loess geologic unit, which contains a
median lead concentration of only 14 ng/g (Fuhrer,
McKenzie, and others, 1994). The 56 pg/g concen-
tration of lead at Wide Hollow Creek at the old

Sewage Treatment Plant—located near the mouth of
Wide Hollow Creek—is not unexpected considering
that Wide Hollow Creek drains the urban area of
Union Gap and that the median concentration of lead
in sediment from urban drains of the Yakima River
Basin is 71 pg/g (Fuhrer, McKenzie, and others,
1994). What is unexpected, however, is the 63 ng/g
lead at the upstream site, Wide Hollow Creek at West
Valley Middle School near Ahtanum, which is farther
removed from the urban effects of Union Gap. In
addition to urban sources, sources of lead enrichment
in Wide Hollow Creek probably result from the legacy
of lead-arsenate usage for control of codling moth in
apple orchards. The application of lead arsenate, from
1908 to 1947, in eastern Washington increased from
50 Ib (pounds) of lead and 18 1b of arsenic to 192 1b of
lead and 71 1b of arsenic per acre (Peryea, 1989). A
considerable reservoir of lead and arsenic may exist in
the Yakima River Basin considering that 3,000 acres
of apple orchards existed (primarily in the middle and
lower basin) prior to 1955 (U.S. Department of
Agriculture, 1986). Concentrations of lead in soils of
former apple orchards, located in an adjacent
subbasin, were as large as 890 pg/g—a concentration
approximately 60 times that associated with geologic
sources in the Ahtanum Subbasin (Fuhrer, McKenzie,
and others, 1994). Lead also was reported in
streambed sediment of Wide Hollow Creek in an
earlier study by Washington State Department of
Ecology (see Previous Studies section of this report).

Concentrations of suspended arsenic at the seven
fixed sites ranged from 2.8 to 20 pg/g (table 13).
Arsenic was enriched slightly (median 7.0 pg/g) in the
Yakima River at Cle Elum and notably (median
10 pg/g) in Sulphur Creek Wasteway near Sunnyside
(fig. 10; table 35, at back of report). The highest
concentrations of arsenic were found in the lower
Yakima Valley where median-arsenic concentrations
ranged from 7.0 to 10 pg/g.

Concentrations of suspended arsenic in the
Yakima River at Cle Elum ranged from 6.3 pg/g to 8.8
ug/g. Although these concentrations of arsenic were
not high in comparison to Sulphur Creek Wasteway
near Sunnyside, these concentrations probably are
indicative of an upstream source of enrichment.
Similar to antimony, arsenic enrichment from geologic
sources is not uncommon in the Cle Elum Subbasin.
As discussed previously, high arsenic concentrations
reside in streambed sediment and rock in the pre-
Tertiary and metamorphic rocks geologic unit which
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SITE NAME

NUMBER OF SAMPLES

Sulphur Grandview Kiona
Greek

1" 32 20 40 37 44

EXPLANATION
Interquartile range equals the value of the 75th
percentile minus the vaiue of the 25th percentile.
O More than 3 times the interquartile range
from the 75-percentile value
x 1.5 to 3 times the interquartile range from
the 75-percentile value
Less than 1.5 times the interquartile range
from the 75-percentile value
75-percentile value
Median value
25-percentile value
Less than 1.5 times the interquartile range
from the 25-percentile value
Figure 10. Distribution of arsenic concentrations in
suspended sediment at fixed sites in the Yakima River
Basin, Washington, 1987-90 (“Cle Elum” represents
Yakima River at Cle Elum; “Umtanum” represents Yakima
River at Umtanum; “Naches” represents Naches River
near North Yakima; “Union Gap” represents Yakima River
above Ahtanum Creek at Union Gap; “Sulphur Creek”
represents Sulphur Creek Wasteway near Sunnyside;
“Grandview” represents.Yakima River at Euclid Bridge at
river mile 55 near Grandview; and “Kiona” represents
Yakima River at Kiona).

contains arsenopyrite (Gualtieri and Simmons, 1989;
Fuhrer, McKenzie, and others, 1994).

During storms, higher arsenic concentrations
were found preceding the storm’s peak than at the
peak. During the peak of the January 9, 1990 storm at
Cle Elum (rain-on-snow), the suspended arsenic
concentration was 6.3 pg/g; preceding the storm’s
peak however, the suspended arsenic concentration
was 7.6 pg/g. This variation, although low in
comparison to antimony, fepresents approximately

74

one-half the range of concentrations measured over
the 1987-90 monthly sampling period for Cle Elum.

The highest concentrations of suspended arsenic
were found in Sulphur Creek Wasteway near
Sunnyside (site 52). The median concentration was 10
ng/g (exceeding those of other fixed sites) and overall,
arsenic concentrations range from 4.9 pg/g to 20 pg/g.
Concentrations of suspended arsenic in Sulphur Creek
Wasteway also varied seasonally to a greater extent
than at the other fixed sites; the interquartile range for
suspended arsenic in Sulphur Creek Wasteway was 7.4
ug/g in comparison to just 1.9 pg/g in the Yakima
River at Kiona (site 50). Differences in the inter-
quartile ranges among sampling sites probably were
related to the size of the waterway and to the principal
water use in the drainage. Sulphur Creek Wasteway,
located in the Sunnyside Subbasin, is different from
other fixed sites because it is a major conveyance of
agricultural return flow, as well as a spillway for
excess canal water during the irrigation season. Large
variations in constituent concentrations, similar to
those measured for arsenic, may not be unusual in
Sulphur Creek Wasteway or in other waterways that
principally receive irrigation return flow. Conversely,
sites located along the main stem or on larger
tributaries probably receive adequate dilution to
dampen large fluxes in constituent concentrations
from smaller waterways carrying agricultural return
flow to the main stem.

During the irrigation season, concentrations of
suspended arsenic in Sulphur Creek Wasteway near
Sunnyside are significantly lower (p <0.001) than dur-
ing the non-irrigation season (fig. 11). These concen-
trations also are in close agreement with arsenic
concentrations measured in streambed sediment (finer
than 62 pm, in diameter) of Sunnyside Subbasin
(Fuhrer, McKenzie, and others, 1994). The median
concentration of suspended arsenic during the irriga-
tion season was 7.0 pg/g, and the median arsenic con-
centration of streambed sediment was 8.2 pg/g. The
similarity between suspended--and streambed-
sediment concentrations of arsenic, in addition to high
concentrations of suspended sediment during the irri-
gation season, indicate the significance of agricultural
soil erosion as a dampening mechanism which, during
the irrigation season, limits concentrations of sus-
pended arsenic in Sulphur Creek (fig. 11).

Conversely, during the non-irrigation season,
the median concentration of suspended arsenic is
13.9 pg/g at Sulphur Creek Wasteway near Sunnyside.
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Figure 11. Concentrations of suspended sediment and
arsenic in suspended sediment at Sulphur Creek
Wasteway near Sunnyside, Yakima River Basin,
Washington, 1987-90 (shaded area represents the
irrigation season).

The higher concentrations of suspended arsenic,
during the non-irrigation season, coincide with
increases in the percentage of fine-grained suspended
sediment and increases in the concentration of
suspended-organic carbon (fig. 12). As a result, the
higher arsenic concentrations probably are not from
new or different sources, but rather from a change in
the distribution of fine-grained-sized sediment and
organic carbon content.

Differences in the concentrations of suspended
arsenic between the irrigation and the non-irrigation
seasons probably result from variations in the quantity
of fine-grained suspended sediment and suspended
organic carbon. Smaller grain-sized sediment contains
larger element concentrations because of the increase
in sediment surface area; larger grain-sized sediment,
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Figure 12. Distribution of suspended sediment finer than
62 micrometers in diameter and suspended organic carbon
concentrations at Sulphur Creek Wasteway near
Sunnyside, Yakima River Basin, Washington, 1987-80
(shaded area represents the irrigation season).

however, have comparatively small surface areas and
low element concentrations (Horowitz, 1991, p. 32).
The variations in suspended arsenic concentrations in
Sulphur Creek Wasteway have a distinct pattern which
is statistically (p < 0.001) correlated to the percentage
of suspended sediment finer than 62 pum, in diameter
(fig.13). A similar relation and significant correlation
exists between suspended-arsenic concentrations and
suspended-organic carbon (fig.13). Thus, the concen-
trations of suspended arsenic in Sulphur Creek Waste-
way increased in proportion to the quantity of fine-
grained suspended sediment and organic carbon.

High concentrations of suspended arsenic in Sul-
phur Creek Wasteway near Sunnyside may be a legacy
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Figure 13. Percentage of suspended sediment finer

than 62 micrometers in diameter and the concentration

of arsenic in suspended sediment and the concentration of
suspended organic carbon at Sulphur Creek Wasteway near
Sunnyside, Yakima River Basin, Washington, 1987—90.

of lead-arsenate formulations applied to apple
orchards in the Sunnyside Subbasin. In addition to the
Sunnyside Subbasin, other agricultural subbasins
(although not measured in this study), also may be
sources of suspended arsenic. Present day applications
of phosphate fertilizer may leach arsenic from soils to
shallow ground water (Peryea, 1989). Arsenic, there-
fore, may not occur only in streambed sediment from
the erosion of soil treated with lead arsenate, but
arsenic also may be discharged to waterways (in dis-
solved form) from shallow ground water. Once dis-
solved, arsenic subsequently can attach to streambed
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sediment by adsorption or coprecipitation reactions
with hydrous iron oxides (Hem, 1989, p. 144).

The significant contribution of Sulphur Creek
Wasteway to the suspended-arsenic load in the main
stem is perhaps more important than the relation
that exists in Sulphur Creek Wasteway between
suspended-arsenic concentrations and the physical and
chemical measurements described earlier. During the
irrigation season, Sulphur Creek had a suspended-
arsenic load two-thirds that of the Yakima River at
Kiona (table 16) but accounted for less than 20 percent
of the streamflow at Kiona. The suspended-arsenic
loads in Sulphur Creek also vary seasonally (fig. 14).
In 1989, for example, the irrigation-season load of
arsenic (1.5 pounds per day) was nearly 4 times higher
than the non-irrigation season load (0.4 pounds per
day). This increase was not caused directly by high
concentrations of suspended arsenic, but rather by
agricultural soil erosion that results in high
suspended-sediment concentrations in Sulphur Creek
Wasteway. As noted earlier, the concentration of
arsenic in suspended sediment during the irrigation
season was not large relative to that measured in
streambed sediment of the Sunnyside Subbasin.
Concentrations of suspended sediment were high;
however, during the 1989 irrigation season, the
average suspended-sediment concentration (162
mg/L) in Sulphur Creek was about 4 times higher than
that measured during the non-irrigation season. Thus,
large concentrations of suspended sediment, and not of
suspended arsenic, result in high irrigation-season
loads of suspended arsenic in Sulphur Creek. Farm
practices that tend to reduce erosion also will reduce
the suspended-arsenic load of Sulphur Creek
Wasteway to the main stem.

The irrigation-season load of arsenic for the
Yakima River at Umtanum, like Sulphur Creek
Wasteway near Sunnyside, also is larger than the
non-irrigation season load. In 1989, the irrigation-
season load of arsenic (2.2 pounds per day) was more
than three times the non-irrigation season load. The
large irrigation-season load probably results from
agricultural soil erosion in the Kittitas Valley, rather
than from an increase in the concentration of sus-
pended arsenic at Umtanum. In July 1988, Wilson
Creek (RM 147) was discharging 83 mg/L of sus-
pended sediment to the main stem above Umtanum
(Embrey, 1992). Several other irrigation drains also
discharge to the main stem, upstream of the Umta-
num site (Bureau of Reclamation and U.S. Soil



Tabie 16. Estimated arsenic loads in suspended sediment at selected fixed sites, Yakima River Basin,
Washington, 1987-90
[Loads reported as pounds per day; load estimates are based on calibration data collected from March 1987 to March 1990; —, indicates insufficient data;
bold lines represent the irrigation season, and lightly shaded cells represent the snowmelt portion of the irrigation season; non-irrigation season, October

through March]
Jan- Feb- Aug- Sep- Oct- Nov- Dec- Dally
Year uary | ruary | March June July ust tember | ober | ember | ember | mean
—_—— —
Yakima River at Umtanum
1987 0.2 04 2 2 2 2 04 0.1 0.1 02 1.0
1988 N .6 1 3 3 1 1.1
1989 .8 .6 2 3 3 .9 4 1.7
1990 1 2 2 5 3 3 - - - -
Naches River near North Yakima

1987 - - 1 .1 <.05 5 3 <.05 2 -
1988 .1 2 2 1 1 .6 2

1989 3 A .1 1 1 A .6 1.0
1990 2 9 - - - - - - -

Yakima River above Ahtanum Creek at Union Gap
1987 1 2 5 4 4 2 1 4 1 32
1988 7 2 2 4 5 3 2 3.0
1989 2 2 3 5 4 3 2 2 2 4.1
1990 3 3 4 5 5 5 4 - - -
Sulphur Creek Wasteway near Sunnyside

1987 - - .1 2 -
1988 .1 A 1.0
1989 2 2 1.4
1990 2 2 - - -
1987 - - 9 2 -
1988 1 2 25
1989 3 4.5
1990 4 4 - - -
1987 S5 1 S5 1 35
1988 I 2 1 22
1989 9 ) 3 2 5.6
1990 4 2 - - -
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through May; irrigation season occurs June through
September).

78

Conservation Service, 1974); although not sampled in
this study, these irrigation drains also may contribute
to the suspended-arsenic load at Umtanum.

The dominant season for transport of suspended
arsenic at most sites, however, is snowmelt. At Kiona,
for example, the quantity of arsenic transported during
the snowmelt season of 1989 (about 1,400 pounds)
was 5 times larger than that transported during the irri-
gation season, and the load of arsenic during the snow-
melt season (24 pounds per day) is more than 10 times
larger than the irrigation-season load. Additionally,
more than one-half the 1989 annual load of suspended
arsenic at Kiona was transported during the snowmelt
season (fig.14). Similar transport patterns were mea-
sured for the Yakima River at Euclid Bridge at RM 55
near Grandview and at the Naches River near North
Yakima. For the Yakima River at Umtanum, however,
the 1989 irrigation-season load was only 1.3 times
larger than the snowmelt-season load. The smaller
load of snowmelt at Umtanum indicates the capture of
snowmelt runoff by irrigation-storage reservoirs in the
Kittitas Valley. During the irrigation season, waters
released from reservoirs in the Kittitas Valley are
routed down the main stem and, at various points,
diverted for irrigation. The combination of steep chan-
nel slope (14 ft/mi) and high streamflow in the
main-stem portion of the Kittitas Valley, provide the
high velocity streamflows for transporting suspended
arsenic.

Annual loads of suspended arsenic increase as
much as 3 times between the Yakima River at
Umtanum and the Yakima River above Ahtanum
Creek at Union Gap, but loads were similar between
the Union Gap site and the Yakima River at Euclid
Bridge at RM 55 near Grandview and between the
Grandview site and the Yakima River at Kiona (table
16). The similarity in load between the Union Gap site
and the Grandview site should not be interpreted as
meaning that Sulphur Creek’s load contribution to the
main stem is negligible. Instead, during the irrigation
season, a majority of the suspended-arsenic load, as
well as streamflow, is diverted into irrigation canals
downstream of the Union Gap site. As a result of these
diversions, about 80 percent of the streamflow in the
main stem of the lower Yakima Valley is from
tributaries that carry agricultural return flow (Rinella
and others, 1992), and suspended-arsenic loads
measured at the Grandview site principally represent
suspended arsenic returned to the main stem from
agricultural drains.



The annual loads of suspended arsenic for most
sites were larger in 1989 than in 1987—88. These
differences were attributed to increased streamflows
during 1989, rather than an increase in the concentra-
tion of suspended arsenic. For example, the annual
average streamflow in 1989 for the Kiona site was 20
percent more in 1989 than in 1988.

In the Yakima River, between the Umtanum and
Union Gap sites, the sources of arsenic that exist in
Wide Hollow Subbasin, and possibly Moxee Subbasin
may account for the increase in suspended-arsenic
load between the Umtanum and Union Gap sites.
Lead-arsenate formulations of pesticide were applied
in these areas to control codling moths in apples from
1908 to 1947. To determine contributions in the reach
of the main stem affected by Wide Hollow Subbasin
and Moxee Subbasin during 1989, the sum of the
loads for the Naches River near North Yakima and the
Yakima River at Umtanum was subtracted from the
load for the Yakima River above Ahtanum Creek at
Union Gap. A small correction was applied to the
Umtanum loads to account for the load diverted
around Union Gap, via Roza Canal, during the
irrigation season. During the 1989-irrigation season,
approximately 2.2 1bs of suspended arsenic per day
enter the main stem over the 9.4-mile reach that
includes discharges from the Wide Hollow and Moxee
Subbasins; this suspended arsenic represents about
one-half the irrigation-season load of arsenic at the
Union Gap site.

The suspended arsenic load was estimated for
Moxee Drain, the major irrigation return flow in this
reach, to determine if the irrigation season load of
2.2 Ibs of suspended arsenic per day is a reasonable
estimate for the reach of main stem affected by Wide
Hollow and Moxee Subbasins. This estimate was
made by using the arsenic concentration of streambed
sediment instead of the suspended-arsenic concentra-
tion, because suspended-arsenic concentrations were
not measured. For example, by using the Moxee Drain
concentration of suspended sediment (597 mg/L) and
discharge (76 ft*/s) measurements from July 28, 1988
(Embrey, 1992) and a streambed-sediment concentra-
tion of arsenic (3.6 pug/g) [Moxee Drain at Thorp
Road; Fuhrer, McKenzie, and others, 1994], the
estimated-instantaneous load of suspended arsenic
was nearly 1 1b per day. Irrigation season contributions
of suspended arsenic from waterways such as Moxee
Drain easily could account for the observed increase in
load over this reach. Additionally, because the concen-

tration of suspended sediment is high and the concen-
tration of suspended arsenic was low, the load
estimated for Moxee Drain was affected more by sus-
pended sediment than by the suspended-arsenic con-
centration.

Arsenic concentrations in filtered-water samples
ranged from <1 to 9 pg/L at the seven fixed sites (table
14). The largest concentrations were found in the
lower Yakima Valley (fig. 15; and table 37 at back of
report). Arsenic concentrations exceeding 3 pg/L, the
90th percentile for the Yakima River Basin, were
found in Sulphur Creek Wasteway near Sunnyside, the
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Gap  Creek
16 1 15 23 15 14 25
SITE NAME
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EXPLANATION

Interquartile range equals the value of the 75th
percentile minus the value of the 25th percentile.

©  More than 3 times the interquartile range
from the 75-percentile value

X 1.5 to 3 times the interquartile range from
the 75-percentile value

Less than 1.5 times the interquartile range
from the 75-percentile value

75-percentile value
Median value
25-percentile value

Figure 15. Distribution of arsenic concentrations in
filtered-water samples at fixed sites, Yakima River Basin,
Washington, 1987—90 (“Cle Elum” represents Yakima
River at Cle Elum; “Umtanum” represents Yakima River at
Umtanum; “Naches” represents Naches River near North
Yakima; “Union Gap” represents Yakima River above
Ahtanum Creek at Union Gap; “Sulphur Creek” represents
Sulphur Creek Wasteway near Sunnyside; “Grandview”
represents Yakima River at Euclid Bridge at river mile 55
near Grandview; and “Kiona” represents Yakima River at
Kiona).
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Yakima River at Euclid Bridge at RM 55 near
Grandview, and the Yakima River at Kiona—the three
most downstream sites in the lower Yakima Valley.
Arsenic concentrations in the Yakima River at Cle
Elum, the Yakima River at Umtanum, and the Yakima
River above Ahtanum Creek at Union Gap generally
are below the limit of determination for arsenic

(1.0 pg/L).

The concentrations of arsenic during the
irrigation season, at the Sulphur Creek site, are lower
than during the non-irrigation season (fig. 16). In
contrast, concentrations of arsenic during the
irrigation season at the Grandview and Kiona sites
generally were higher than during the non-irrigation
season. The lower arsenic concentrations at the
Sulphur Creek site are probably the result of dilution
from excess canal water spilled into Sulphur Creek
from Roza Canal and by irrigation return flow in the
Sunnyside Subbasin. Although arsenic concentrations
in Roza Canal were not measured directly, concentra-
tions should be similar to those measured during the
irrigation season in the Yakima River at Umtanum
(RM 140.4). The Umtanum site is located 12.5 miles
upstream from the Roza Canal diversion. Monthly
arsenic concentrations at Umtanum were low (<1
pg/L) for the period April 1989 to March 1990) and
probably accounted for the dilution of arsenic in
Sulphur Creek Wasteway. Sunnyside Subbasin also
receives water from Sunnyside Canal. Again, arsenic
concentrations were not measured directly in the
canal, but were similar to concentrations in the main
stem at the Union Gap site. The Union Gap site is
located 3.4 miles upstream of the diversion to
Sunnyside Canal and has monthly arsenic
concentrations generally below the method reporting
level.

Although, arsenic concentrations at the
Sulphur Creek site were low during the irrigation
season, concentrations generally were similar to
higher arsenic concentrations measured at the
Grandview and Kiona sites (fig. 16). These increases
in arsenic concentrations during the irrigation season
at the Grandview and Kiona sites coincide with
decreased streamflows (fig. 17) in the main stem and
probably result from dilution processes—higher
concentrations of arsenic generally were associated
with decreased streamflows and conversely, lower
concentrations of arsenic generally were associated
with increased streamflows. Arsenic concentrations
in Sulphur Creek Wasteway, and possibly in other
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Figure 16. Arsenic concentrations in filtered-water
samples at Sulphur Creek Wasteway near Sunnyside, the
Yakima River at Euclid Bridge at river mile 55 near
Grandview, and the Yakima River at Kiona, Yakima River
Basin, Washington, 1989-90 (shaded area represents the
irrigation season; less-than values are graphically
represented as one-half their value).
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Figure 17. Arsenic concentrations in filtered-water
samples and streamflow for selected time periods at the
Yakima River at Euclid Bridge at river mile 55 near
Grandview and the Yakima River at Kiona, Yakima River
Basin, Washington, 1989—90 (concentrations lower than
the limit of determination [1.0 micrograms per liter] are
shown as 0.5 micrograms per liter; irrigation season occurs
June through September; non-irrigation season occurs
October through March).

tributaries that carry irrigation return flow (although
not measured in this study), are important sources of
arsenic in the main stem. The effect of these sources of
arsenic is especially important during the irrigation
season, because a majority of the streamflow in the
main stem of the lower Yakima Valley is irrigation
return flow (Rinella and others, 1992).

Intersite comparisons of arsenic loads were
hampered in the Kittitas Valley because a majority of
the arsenic determinations were below the method
reporting level. In the lower Yakima Valley, however,
detectable arsenic was measured and thus quantifiable
loads were calculated and are reported in table 17.

In Sulphur Creek Wasteway near Sunnyside, for
example, the monthly arsenic loads ranged from 3 to
4 pounds per day in 1989 and were similar between
the irrigation and non-irrigation seasons. The large
variation in arsenic concentrations between the irriga-
tion and the non-irrigation seasons, as well as the
small-intrasite variability for arsenic loads, indicates
that Sulphur Creek Wasteway is a constant year-round
source of arsenic to the main stem. Agricultural lands
historically treated with lead-arsenate formulations
and present-day applications of phosphate fertilizers
may be a source of arsenic to shallow ground water
and to surface water.

Arsenic in Sulphur Creek Wasteway also repre-
sents a large proportion of the load in the main stem at
the Grandview site. In 1989, the Sulphur Creek site
(located about 5 miles upstream from the Grandview
site) accounted for approximately 20 percent of the
annual arsenic load at Grandview but accounted for
only about 8 percent of the streamflow—ratios were
similar at the Kiona site. In addition, during the
non-irrigation season, the Sulphur Creek site accounts
for approximately 18 percent of the annual load of
arsenic at the Grandview site but accounts for less
than 3 percent of the streamflow. The consistency
among monthly arsenic loads and the intrasite vari-
ability for streamflow and arsenic concentrations con-
firmed that arsenic is diluted in Sulphur Creek
Wasteway during the irrigation season. The consis-
tency among monthly arsenic loads at the Grandview
and Kiona sites also indicates that arsenic is dis-
charged to the main stem at a relatively constant rate.

Arsenic in dissolved form (water sample filtered
through a nominal 0.45-pum-pore-size filter) comprises
the major transport phase in the lower Yakima Valley
(fig. 18). For the Sulphur Creek, Grandview, and
Kiona sites, the irrigation- and non-irrigation-
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Table 17. Estimated arsenic loads in filtered-water samples at selected fixed sites, Yakima River Basin, Washington,

1989-90

[The term “filtered water” is an operational definition referring to the chemical analysis of that portion of a water-suspended sediment sample that
passes through a nominal 0.45 micrometer filter; loads reported as pounds per day; load values are based on calibration data collected from April 1989
to March 1990; -, indicates insufficient data; bold lines represent the irrigation season, and lightly shaded cells represent the snowmelt portion of the

irrigation season; non-irrigation season, October through March]

Jan- Feb- Aug- Sep- Oct- Nov- Dec- Daily

Year | uary ruary | March June July ust ] tember | ober | ember | ember | mean
Sulphur Creek Wasteway near Sunnyside
1989 2.9 3.0 3.2 3.6 3.7 3.7 34 3.0 3.0 34
1990 3.0 29 3.2 - - - - - - --
Yakir;:; Ri:ver’at. Euclld Bridge at river mile 55 near Grandview
1989 17.2 17.0 17.5 16.5 16.5 16.6 16.7 17.3 17.3 17.1
1990 ( 17.5 17.6 17.7 - - - - - - -
Yakima River at Kiona

1989 | 19.6 18.8 21.2 17.8 15.8 16.1 16.7 18.0 19.8 204 19.3
1990 | 21.4 21.2 215 24.2 16.1 17.8 17.8 - - -- -

season loads of arsenic in dissolved forms are from 4
to 9 times higher than the respective suspended loads.
Conversely, during the snowmelt season, arsenic is
transported in near-equal proportions in both forms.
Increases in suspended-sediment concentration, rather
than increases in suspended-arsenic concentrations
(mass/mass), however, are responsible for the increase
in suspended-arsenic load. For example, the sus-
pended-sediment concentration was nearly 8 times the
median suspended-sediment concentration during the
1989 snowmelt season at the Kiona site; although,
concentrations of suspended arsenic remained
unchanged.

Arsenic concentrations in aquatic biota generally
were low throughout the Yakima River Basin; how-
ever, a few sites in the lower Yakima Valley had rela-
tively high concentrations (table 18). In curlyleaf
pondweed, arsenic concentrations ranged from 0.48 to
1.5 pg/g (table 15) and concentrations in the main
stem of the lower Yakima Valley were 3 times higher
than in the main stem of the Kittitas Valley. Enrich-
ment of arsenic in aquatic vegetation in the lower
Yakima Valley also coincides with the high concentra-
tions of arsenic in filtered water described previously.
Concentrations of arsenic from 0.1 to 0.4 pg/g were
typical in whole sculpins and in fish liver (table 15).
Slightly higher concentrations were observed in livers
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of bridgelip sucker at Granger Drain at mouth near
Granger (0.8 pg/g) and in carp at the Yakima River at
Kiona (0.7 ug/g). In 1990, arsenic concentrations in
Asiatic clams varied little (3.6 to 4.6 ng/g) among
sites. In 1989, arsenic concentrations in caddisflies
from Granger Drain site (5.4 ng/g) and from Sulphur
Creek Wasteway near Sunnyside (4.1 ng/g) exceeded
the 85th percentile concentration for the basin.

Arsenic concentrations in fish in the Yakima
River Basin were low in relation to concentrations
measured in other basins. Concentrations in whole
sculpin generally were less than the mean arsenic
concentration in freshwater fish collected for the
National Contaminant Biomonitoring Program
between 1976 and 1984 (table 38, at back of report).

Arsenic concentrations in sculpin from the
Yakima River Basin also were similar to background
concentrations for bluegills and common carp in the
San Joaquin River Basin in California (approximately
0.18 to 0.42 ng/g for bluegills and 0.26 to 1.68 ug/g
for common carp, as calculated from original wet-
weight data) (Saiki and May, 1988). Sampling sites for
sculpin, however, are not tepresentative of the entire
Yakima River Basin. Sculpin were not collected from
the main stem, and samplings in tributaries containing
agricultural runoff were limited to Satus Creek at gage
at Satus and Ahtanum Creek at Union Gap.
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Figure 18. Arsenic loads in filtered-water samples and in
suspended-sediment samples for selected time periods at
fixed sites, Yakima River Basin, Washington, 1989 (the
term “filtered water” represents the portion of a water sam-
ple passing through a nominal 0.45 micrometer pore-size
filter; non-irrigation season occurs October through
March; snowmelt season occurs April through May; irriga-
tion season occurs June through September; “Umtanum”
represents Yakima River at Umtanum; “Naches” repre-
sents Naches River near North Yakima; “Union Gap”
represents Yakima River above Ahtanum Creek at Union
Gap; “Sulphur Creek” represents Sulphur Creek Waste-
way hear Sunnyside; “Grandview” represents Yakima
River at Euclid Bridge at river mile 55 near Grandview;
and “Kiona” represents Yakima River at Kiona).

Arsenic concentrations in Asiatic clams from the
four main-stem sites in the lower Yakima Valley and
from Spring Creek at mouth near Whitstran were com-
pared to concentrations reported for uncontaminated
or minimally contaminated aquatic environments
(table 39, at back of report). Arsenic concentrations in
Asiatic clams of the Yakima River Basin were an
order of magnitude higher than concentrations
reported in the Apalachicola River in Florida (Elder
and Mattraw, 1984); arsenic concentrations were at
least 3 times higher than in the Sacramento River
Basin in California (McCleneghan and others, 1981),
but were similar to arsenic concentrations in Asiatic
clams in the San Joaquin River in California which are
considered to be affected by minor anthropogenic
sources (Johns and Luoma, 1990; Leland and Scudder,
1990). However, Asiatic clams of the Yakima River
Basin had lower arsenic concentrations than the 8 to
13 pg/g measured in Asiatic clams of the upper San
Joaquin River in California that are affected by arsenic
in agricultural drainage water (Leland and Scudder,
1990).

Median concentrations of lead in suspended sed-
iment ranged from 15 pg/g to 24 pg/g at the seven
fixed sites (table 13); the lowest and highest median
values of lead, respectively, were in the Yakima River
at Umtanum and in Sulphur Creek Wasteway near
Sunnyside (fig. 19; and table 35, at back of report).
The low concentrations of suspended lead at Cle
Elum, Umtanum, and Naches indicate the lack of a
significant geologic source of lead and contrast
sharply with enrichment measured at these same sites
for suspended elements such as arsenic, chromium,
and nickel—all of which have geologic sources. Fur-
thermore, the lack of a significant geologic source is
consistent with the distribution of lead in streambed
sediment of the Yakima River Basin (Fuhrer, McKen-
zie, and others, 1994). For example, the 90th percen-
tile concentration of lead in streambed sediment from
272 first- or second-order streams in the basin was
only 23 pg/g. A few small and isolated geologic
sources of lead were found in streambed sediment of
first- and second-order streams in the Naches Subba-
sin; however, no evidence of enrichment, was found
in corresponding higher-order streams (Fuhrer,
McKenzie, and others, 1994), indicating that measur-
able quantities of lead were not being transported as
suspended sediment and then later redeposited in
streambed sediment of higher-order streams.

83



- - - . - . * 1 BUIIYBA YUON JedlU J2ATY SOUdEN 9
- - H - - - H - |a[IN 82U Y231 9NBUSINEY 104 YHON dA0qE Y1) Neusajuey w2
- - - - - - H - 9]IN IE9U 2EUSINRY S[MIT SA0qE Y321 SNeUSINEY 1z
- - 1 - - - 1 - wmuejw() 8 gInow Jesu 39910 WNueui() 0z
1 - - 1 - 1 * 1 UIMUBJUI[) 18 DALY ewriyex 61
1 - - . - - N - 1ery 1 e Aemarsep d1ddip saoqe yaa1) ALy ¥l
- -- H - - -- H - a[IN Jeau SuIsso1) S||9H 18 JOATY UeOLIdWY €1
- - 1 - - - 1 -- §inqsuo]g 18U Jaa1) ysejseury J10, JINOS |
- - - - - - . - TI9PYIID TE3U YINOW 1 JOATY SIYIEN NI 01
- - 1 - - - 1 - dIoy [ Jesu MOPEIIA WINAUE], I8 Y231 WNdUR], 8
- -- 1 - -- - 1 -- gmqsua]ig Jeou ¥231) YSIH M0[9q YI91) WmAUBN L
- -- * 1 - * H 1 umig 3] e J2ATY eulyex 9
-- -- -- - - - . - wmyg 3]0 JedU SHI0,] MO|Iq 19ATY Aemeusd], S
- - - - - - H - um[g 3] Iedu gInoul Jeou ¥221) aSuny €
- - - - . - H - uk[soy Jeau yInoul 18 J9ATY smdem [

ot [oneior | "% | Urnonon | ovonepuey | PoPUdens | pousons | stem owsu oug sousios

ysid ue
eloiq onenby HoHipes

[®1ep ou ‘— ‘pazirewums AJeaNISIIEIS Sem JISIA 1od UOIBRUIIUOD

JUSWIS Suo AJuo ‘aNs © Je 97ed1dLn 10 91edi[dnp Ul PaZA[EUR SJUSTUIISUOD Yim PIJBIDOSSE 9q AW JBy) Selq |ed1ISHEIS PIOAR 0) ‘06—L86 1 POLSd 3y 10J BUOLY Y8 JOARY BWDEL PUE ‘MOIAPURID) 183U 6§

S J9AU J8 98pLg piony 1B I9ARY BWINeA ‘IpisAuung Iesu ABm3lsep ¥oa1) snyding ‘den) uotuy) 18 Y9910 WNUBIYY 9A0GE JOARY BWN{BA ‘BWEA YUON Jedu ISAR] SOUOBN ‘WINUEIUI() 1B J9ATY Bunyex
‘winjg 91 e 1Ay eunyex oY) wioyy sSurjdures Jusas-5150101pAY Pa1do[as pue AJYJUOUI LIOY SIe SINIS PAXY 10j POZLrEUIWNS A[[eousiiers ee( ‘(sndsio uojaSoun1od) paampuod JesA[mo pue ‘(vautuny
DN19.407) 2EPINDIGIO)) "BPI0ISUIA ) We)d J1BISY ‘(‘dds sn1joy) uidinos ‘(quoswuvijjjim wnidososq) YSYsNym UIBTUNOW (SHJI2YI04oDU SNUIOISOID)) 1IN 3[eosadre] :sa10ads adures ‘s19A1] Jyons
9[B05331e] JOJ PIZLIEWILINS JIE BIEP 066 AJUO 131}l JOISWIOIONM Gi'() [EUIWOU B ySnoxy) sassed ey sjdures yusunpas papuadsns-1atem & Jo uonsod jey Jo sisKjeue [eoruayd ay) 03 SuLiajal uonmuysp
Jeuoneiado ue s1  Js1em POIANY,, WIS} SY] 9|qel Y} Ul ,,,, UE YIIm PIIOUSP Ale dNjeA d[uadIad-yig/ ueyy ssa] Inq “qisz UBY) 1518018 SUONBNUIIUCY) “dN[eA 3[1uadIad-yigz ays 03 1enbd 10 uey) s3] S1 YIMM
uonnquusip a1 Jo uonod Jey) Jussaidal ([qer AY) ut . T,, UL (iim PIJOUSP) SUOHBLUIOUOD MO “IN[BA ABUIdIAd-Yig/ 941 0} [enbo 10 ueyp 1018218 S1 YoTM UOHNQLUSIp 311 Jo uoniod 1eys Jussaidai (31qe1 oy
u H,, Ue Yiim PIJOUdP) SUOIRHUIIUOI YSIH 9IS PaXY Yoes 10§ SUOHENUIIUOD UBSW 3Y) JO UOLNGLISIP 3[11u3d1ad € UO Ppaseq are SJUSWUSISSe uolienuaduod YS1y pue mo| 5y “B10N] SBEnDE pur TUSWIPS
PIGUIESTIS 10 oNS PIXY Yoes Ioj (UB1pawr) sanjeA 3|13uaolad-g¢ oy Jo uonnquysip 91uaoiad e uo paseq are sjudwUSISse UOHRNUIIU0I-YSIY pue -mo] 3y} TASWIPas papuadsns pue IFEM paIaNg 104]
16-2861 ‘U0IBUIYSEM ‘UISE] JOAIY BUINBA

‘salls Pajos|es 10} B1oIq J1enbe pue ‘Juawipas Jeem Ul SUCHBIUaOUOD djuaste ybiy pue moj Jo uostiedwo) *g) ejqel



= - H - - - 1 - ystuaddo], Jeau uoAue)) A3[IBYD)-UOSIA 9A0QE J31) SmIeg LS
H H - - 1 H H H MOIAPUEID) 183U GG SJIUI JOALI Je 23pLIg PI|ONT I8 I9ARY BUIDjex 9¢
- 1 - - - - « - UBNSHYA I8 Janow Je 331D Suudg S
- - H - - - - - ysiuaddo], 1eau yoa1) A1(] Mo]aq 391D smes €S
- - - - - H " H opIsAuung Jeau ABmajsep Nod1) mnyding 4y
* * - * * * * H BUOTY J€ JOATY BUIDJEA 0§
* * - -- -- - * - apisAuung Jeau Y221 SNIES SA0QR T/ I JIAL I8 JOAY BWID{EA 8v
. - H - . - H - snjeg 18 933 18 a1 smeg Ly
-- - - -- - - . - JaSuelD Ieou peoy Yoy uetpy je joa1) yswuaddo], £
Joguelo) 1edU
- * == H H -- * - 9°6. 91l J9ALI I8 Y321)) ysiuaddo], mojaq JOATY W BA 44
- - - - - - . - J98uein) Jedu Ynow Ik uiei( JoJuein oy
- - 1 - - -- 1 - odsidure] Jeau youey peIuc) 9A0qGe Y331 Wnuelqy Y40 yInog yE
x - - H 1 - * - JodpE( T8 JOARY BUIDJRA %3
- - - - - 1 - 1 den uoru() 18 %221) WNUEN]Y dA0qe JOATY BUILYEA 43
- - H - - - 1 -- den uotun) 18 39310 wnueNy 1€
- - - - - - « -- deo uorup) edu peoy dioy] 18 urei 39XO 0g
H - - - - - « -- den o) e jue|d Jusunean aSemas p|o 18 Y9310 MO|[OH SPIM 67
- - - - - - * - |umumyy Jesu [ooyds |PPIA ASTIBA ISIM 1B N321D MOJ[OH dPIM LT
_Hwow__”ﬂ_..._wa o._."_aa__mo< udmos uw-_.__o_w__un o_hmwuwﬁ Papuadsng | paquieans u._hﬁs_ﬂu_ aweu ajs aﬂ.%o......a:no_._
usi4 s
ej0[q openby HeHapes

penuUNUOD—16—/861 ‘UOIBUILUSBA ‘UISBE JOAIH BLIDBA
‘S)IS Pa]oajas 10} BI0I dNeNbE Pue ‘JUSWIPas JSleMm Ul SUOIIBIUSOUOD djussie ybiy pue moj jo uostiedwo? g aiqeL



a0 o LEAD ]
s - o .
< — -
@

o - —
2y

woqoo 2 i
[7)] F 3
s f 3
g I : :
s | T T |
S 1wk I
z F | E
a - 7
< I~ i
w - -
-

Cle Elum Umtanum Naches Union Sulphur Grandview Kiona
Gap  Creek
35 40
SITE NAME
NUMBER OF SAMPLES

11 32 20 37 44

EXPLANATION

Interquartile range equals the value of the 75th
percentiie minus the value of the 25th percentile.

©  More than 3 times the interquartile range
from the 75-percentile value

X 1.5to 3 times the interquartile range from
the 75-percentile value

Less than 1.5 times the interquartile range
from the 75-percentile value
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Less than 1.5 times the interquartile range
from the 25-percentile value
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Figure 19. Distribution of lead concentrations in suspended
sediment at fixed sites, Yakima River Basin, Washington,
1987-90 (“Cle Elum” represents Yakima River at Cle Elum;
“Umtanum” represents Yakima River at Umtanum; “Naches”
represents Naches River near North Yakima; “Union Gap”
represents Yakima River above Ahtanum Creek at Union
Gap; “Sulphur Creek” represents Sulphur Creek Wasteway
near Sunnyside; “Grandview” represents Yakima River at
Euclid Bridge at river mile 55 near Grandview; and “Kiona”
represents Yakima River at Kiona).

A few anomalous concentrations of suspended
lead were measured in the Yakima River at Cle Elum
and in the Yakima River at Umtanum (fig. 19). At the
Cle Elum site, concentrations of suspended lead as
high as 120 pg/g and 60 ng/g were measured during
the rising limb of a May 9, 1989 snowmelt and a Janu-
ary 9—12, 1990 rainstorm or snowstorm, respectively.
During the January storm, 60 pg/g of lead was mea-
sured on the rising limb, but decreased to just 6 pg/g at
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the peak of the storm. The Cle Elum site, located 0.15
mi downstream from Crystal Creek, receives urban
runoff from the towns of Roslyn and Cle Elum, and
runoff from numerous open-pit coal mines east of
Roslyn. During the storm, Crystal Creek created a tur-
bidity plume which, during the rising limb of the
storm, obscured the shallow river bottom in the main
stem at the Cle Elum site. The Crystal Creek drain-
age, located in the nonmarine rocks geologic unit, con-
tains concentrations of lead in streambed sediment
(13 ng/g, 14 pg/g, and 18 pg/g; Fuhrer, McKenzie,
and others, 1994) that were low when compared to the
60 pg/g of suspended lead measured during the rising
limb of the storm. Considering the close proximity of
the Cle Elum site to outfall from Crystal Creek and the
lack of measurable enrichment for lead in streambed
sediment, the high concentration of suspended lead on
the rising limb of the storm may have resulted from
local urban runoff.

The probable effect of urban runoff on
suspended-lead concentrations is confirmed by
computing ratios of lead:arsenic. Arsenic was selected
because upstream of the Cle Elum site in the Kittitas
Valley, it resides predominantly in geologic for-
mations. Variations in lead relative to arsenic may be
indicative of urban runoff. For the May snowmelt and
January storms, the ratios of lead:arsenic were 15 and
8, respectively. Generally, the lead:arsenic ratios
ranged from 2.2 to 2.6 for streambed sediment formed
from geologic units in the Kittitas Valley (based on
median lead and arsenic concentrations shown in table
10 in Fuhrer, McKenzie, and others, 1994). These
ratios are similar to lead:arsenic ratios measured in
suspended sediment samples. Lead concentrations
during the May snowmelt and January storms, how-
ever, were approximately 3 to 6 times higher than
expected and suggests that a small anthropogenic
source of lead exists in close proximity to the Cle
Elum site.

In addition to urban runoff, agricultural areas
that historically were treated with pesticides contain-
ing lead arsenate possibly may be sources of sus-
pended lead. The median concentration of suspended
lead in Sulphur Creek Wasteway near Sunnyside, for
example, was higher than that measured at the other
fixed sites (fig. 19). Lead concentrations at the Sulphur
Creck site, however, did not vary seasonally to the
extent measured for arsenic and were generally in
agreement with lead concentrations found in stream-
bed sediment (17 to 21 pg/g) in the Sulphur Creek



drainage (Ryder and others, 1992). The lack of sea-
sonal variability for lead may result from geochemical
associations that retard the movement of lead to shal-
low ground water and subsequently to Sulphur Creek,
during the non-irrigation season. The application of
phosphate fertilizer tends to form insoluble lead-phos-
phate compounds (Peryea, 1989). In soils of agricul-
tural areas historically treated with pesticides
containing lead arsenate, lead was found to accumu-
late below the immediate soil surface (30 to 60 cm
[centimeters]), but not to the deeper soil depths (50 to
120 cm) noted for arsenic (Peryea, 1989). Lead may
be trapped effectively between subsurface ground
water and the immediate soil surface. The immobile
nature of lead may explain the absence of lead anoma-
lies in suspended sediment and in filtered-water sam-
ples during the non-irrigation season, when subsurface
ground-water contributions dominate Sulphur Creek
streamflow.

Lead in filtered-water samples, determined by
atomic-absorption spectrometry with graphite furnace,
ranged from <0.5 to 1.9 pg/L at the seven fixed sites
(table 14). Most lead determinations (approximately
94 percent of the 279 measurements made by AAGF),
however, were below the limit of determination

-(0.5 pg/L). Detectable lead concentrations were dis-
tributed evenly among most sampling sites. The Cle
Elum site, however, had no detectable concentrations
of lead. With one exception, spatial and temporal pat-
terns generally were absent among sites. A few days
after the close of the irrigation season on October 15,
1989 detectable concentrations of lead were measured
at the Naches site (0.7 pg/L), the Union Gap site
(0.8 pg/L), and the Sulphur Creek site (0.9 pg/L). All
sites had experienced sharp decreases in streamflow
over the preceding days due to the close of the irriga-
tion season. None of these lead concentrations, how-
ever, exceeded water-quality criteria, regulations, or
standards. Additionally, only a small number of the
279 lead determinations for 198790 exceeded
water-quality guidelines (table 7).

Because the quantity of rainfall in the lower
Yakima Valley is small (less than 10 inches annually),
storms would be expected to contain detectable lead if
urban runoff was a significant source. On the basis of
the absence of lead enrichment, in general, and storm
related enrichment, in particular, urban sources of lead
are probably limited over much of the Yakima River
Basin.

The maximum lead concentrations in fish liver,
Asiatic clams (Corbicula fluminea), and caddisflies
(Hydropsyche spp.) were 0.29, 0.40, and 5.6 pg/g,
respectively (table 15). For Hydropsyche spp., the
highest lead concentrations were measured in Wide
Hollow Creek site (fig. 20). Lead in rainbow trout
liver from the Wide Hollow Creek was below the limit
of determination (<0.19 pg/g). The apparent disparity
in these results may be attributed to the tendency of
lead to decrease in concentration in higher trophic-
level consumers, such as fish (Luoma, 1986). Lead
also was moderately elevated in Hydropsyche spp. in
Ahtanum Creek (3.0 pg/g), Sulphur Creek (2.6 pg/g),
and Spring Creek (2.6 pg/g). The Ahtanum site, which
is located near the mouth of Ahtanum Creek, receives
irrigation return flow and some urban runoff. The
Ahtanum site has lead concentrations in Hydropsyche
spp. that are more than 5 times higher than at the
upstream site (South Fork Ahtanum Creek above
Conrad Ranch near Tampico) which does not receive
irrigation return flow and is removed from urban
effects. A substantial lead concentration (24 pg/g) was
measured in Arctopsyche sp. in Naneum Creek;
however, other insect taxa collected from this site
were not similarly enriched (Fuhrer, Fluter, and others,
1994).

Most samples collected in 1989 had lead
concentrations below the limit of determination. Lead
was detected in 1989 only caddisflies from Wide
Hollow Creek at old Sewage Treatment Plant at Union
Gap (8.0 and 9.0 pg/g), and in Granger Drain at mouth
near Granger (5.0 pg/g) and in Sulphur Creek
Wasteway near Sunnyside (5.0 pg/g).

Compared with concentrations reported for
benthic insects from other systems (Cain and others,
1992; Lynch and others, 1988), lead appears to be
slightly enriched at Wide Hollow Creek, Ahtanum
Creek, and possibly Naneum Creek. Most tissue sam-
ples, however, had little or no lead enrichment which
is consistent with the geology as well as lead concen-
trations in streambed sediment (table 19; and table 40,
at back of report). Concentrations of lead in aquatic
plants were below limits of determination, except for
Wide Hollow Creek at old Sewage Treatment Plant at
Union Gap where a lead concentration of 7.0 pug/g was
measured in waterweed (Fuhrer, Fluter, and others,
1994). As described earlier, Wide Hollow Creek also
had the largest concentrations of lead among the bio-
logical sampling sites in the Yakima River Basin.
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Figure 20. Distribution of lead concentrations in caddisflies and streambed sediment, Yakima River Basin, Washington,
1987-90 (element concentrations are reported in units of micrograms per gram [ug/g), dry weight; symbol sizes are
proportional to element concentrations; the largest and smallest symbois, respectively, represent the high and low
concentration end members; only 1990 data are graphically represented for caddisflies; sample species: caddisflies

[Trichoptera: Hydropsychidae Hydropsyche spp.].

Lead concentrations were comparatively low
in fish livers from the Yakima River Basin (0.09 to
0.31 pg/g). For comparison, five fish species from two
rivers (that receive agricultural and some urban
runoff), had lead concentrations ranging from 0.12 to
0.44 pg/g (calculated from-original wet-weight data;
Barak and Mason 1990). Mean lead concentrations in
the liver of bream (4bramis brama) and in pike perch
(Stizostedion lucioperca) from Lake Balaton, a heavily
recreated, mildly contaminated lake in Hungary, were
12.9 ug/g and 3.10 pg/g (Salanki and others, 1982).
The 85th percentile lead concentration for fish livers
sampled in California’s Toxic Substances Monitoring
Program was approximately 0.4 ug/g (calculated from
original wet-weight data; Rasmussen, 1992).

Primarily on the basis of samplings from
main-stem sites, lead does not appear to be enriched in
Asiatic clams. Concentrations in the Yakima River
Basin were at least 4 times lower than from an area of
the San Joaquin River in California that is not subject
to urban and industrial inputs (Luoma and others,

1990), but concentrations were somewhat higher than
concentrations in the Apalachicola River in Florida
(Elder and Mattraw, 1984; table 39, at back of report).

Barium

Concentrations of barium in streambed sedi-
ment of the Yakima River Basin ranged from 380 to
590 pg/g (table 12) and are well within the 200 to
1,700 ng/g range of concentration which encompasses
95 percent of Western United States soils (R.C. Sever-
son, U.S. Geological Survey, written commun., 1987,
based on data in Shacklette and Boerngen, 1984).
Concentrations of barium increase down the main
stem from a minimum of 470 pg/g (site 19) at the
Yakima River at Umtanum to a maximum of 540 pg/g
(site 54) at the Yakima River at Grandview (fig. 21),
and barium concentrations are notably higher at the
mouths of several tributaries that carry agricultural
return flow to the main stem. For example, concentra-
tions of 510 pg/g, 560 pg/g, and 590 ng/g (the concen-
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from Crystal Creek and indicates that suspended-cad-
mium concentrations were diluted from mixing with
incoming sediment from Crystal Creek. This hypothe-
sis is possible especially if cadmium concentrations in
the Crystal Creek drainage are low. The lower limit of
determination of cadmium for the sites sampled in the
Crystal Creek drainage, as part of the occurrence and
distribution survey (Fuhrer, Fluter, and others, 1994),
was too high to conclude that Crystal Creek sediment
potentially could dilute suspended-cadmium concen-
trations at the Cle Elum site.

Suspended-cadmium concentrations in the
Naches River near North Yakima may reflect the
presence of cadmium in streambed sediment of the
Upper Naches Subbasin. A cadmium concentration of
0.8 pg/g was measured in streambed sediment of the
American River at Hells Crossing near Nile (site 13)
located in the Upper Naches Subbasin. This cadmium
concentration was 4 times higher than the average
crustal abundance of cadmium in basalt and was
similar to the median suspended-cadmium concentra-
tion (0.7 pg/g) at site 13 in the Naches Subbasin.
Suspended-cadmium concentrations at the Naches site
probably originate from geologic sources in the Upper
Naches and Tieton Subbasins. Most of the cadmium
determinations for streambed sediment, however, had
an analytical limit of determination (2.0 pg/g) that
exceeded concentrations typical in basalt rock. As a
result, cadmium concentrations at many sites were
below the limit of determination and could not be used
for making comparisons with suspended-cadmium
concentrations or for locating geologic sources of
cadmium.

The highest cadmium concentrations in the
Naches River near North Yakima (site 26) generally
were found during the non-irrigation season (Novem-
ber through March), when suspended-sediment con-
centrations were small (<10 mg/L) and the proportion
of fine-grained-size sediment was large (>85 percent)
(fig. 23). During the irrigation and snowmelt seasons
at Naches River (site 26), the highest suspended-
cadmium concentrations coincide with periods of
increased streamflow (fig. 23). During the irrigation
season at Naches, streamflow was augmented by with-
drawing water from Rimrock Reservoir and Bumping
Reservoir. Irrigation-season releases from these reser-
voirs probably assist in the transport of cadmium
which originates from sources in the Upper Naches
Subbasin,
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Figure 23. Cadmium concentrations in suspended
sediment and suspended-sediment concentrations,
percentage of suspended sediment finer than 62
micrometers in diameter, and streamflow in the'Naches
River near North Yakima, Yakima River Basin,
Washington, 1987-90 (irrigation season occurs June
through September; non-irrigation season occurs
October through March; and snowmelt season occurs
April through May).



As noted earlier, the Kittitas Valley had concen-
trations of suspended cadmium which generally
exceeded concentrations measured at other fixed sites.
The annual load of cadmium in the Kittitas Valley,
however, is similar to that measured in the mid-
Yakima Valley at the Yakima River above Ahtanum
Creek at Union Gap, the lower Yakima Valley at the
Yakima River at Euclid Bridge at RM 55 near Grand-
view, and the Yakima River at Kiona (table 20).
Although annual loads of cadmium generally are simi-
lar for these main-stem sites, the proportions of the
annual load transported during the snowmelt, irriga-
tion, and non-irrigation seasons vary; moreover, snow-
melt loads generally exceed loads during the irrigation
season and the non-irrigation season (fig. 24). At the
Kiona site, nearly 68 percent of the 1989-annual-
cadmium load was transported during the snowmelt
season—this load is nearly 6 times the quantity of cad-
mium transported during the irrigation season. Simi-
larly, at the Naches River near North Yakima more
than 70 percent of the 1989-annual-cadmium load was
transported during the snowmelt season—this load is 4
times the quantity of cadmium transported during the
irrigation season. During the snowmelt season, the
higher cadmium loads at the Naches site are the result
of suspended-sediment concentrations that are 3 to 4
times larger than during the irrigation season.

In filtered-water samples, cadmium
concentrations, determined by atomic-absorption
spectrometry with graphite furnace, ranged from <0.2
to 2.2 pg/L at the seven fixed sites (table 14). Among
fixed sites, the highest number of detections of
cadmium were in the Yakima River at Cle Elum and in
the Yakima River at Umtanum—cadmium was
detected at least 25 percent of the time at both sites
(table 37, at back of report). Conversely, in the mid-
and lower Yakima Valley at least 75 percent of the
determinations for cadmium were below the limit of
determination (0.2 pg/L). The higher concentrations
of cadmium in filtered-water samples in the Kittitas
Valley also coincide with cadmium enrichment in
suspended sediment. Cadmium concentrations in
suspended sediment are higher at Cle Elum during
snowmelt and storms. Comparisons between cadmium
concentration in filtered-water samples in the Yakima
River Basin and cadmium concentrations in other
studies (table 36, at back of report) are hampered by a
large amount of censored data.

Cadmium concentrations, which exceed the limit
of determination by at least a factor of two, were

94

selected as conservative measures of detectable
cadmium in order to illustrate temporal and spatial
patterns (table 21). These patterns indicate that
sources of cadmium generally are not anthropogenic,
but these patterns are related to periods of snowmelt
and to storms in the Kittitas Valley. Cadmium was
detected during periods of snowmelt at the Cle Elum,
Umtanum, Naches, and Union Gap sites in
concentrations that ranged from 0.4 to 0.5 pg/L in
April 1987 and at the same sites in 1988 at lower
concentrations. In November 1988, fixed sites were
visited during an early November winter-warming
period (early snowmelt); and cadmium concentrations
ranging from 0.2 to 2.2 pg/L were measured at the Cle
Elum, Umtanum, Naches, Union Gap, and Kiona sites.
Similar patterns also were found during storms and
during the irrigation season in June. The cadmium
concentration (2.2 pg/L) at the Naches site exceeded
that of other sites by an order of magnitude.

During November 1988, the increase in cad-
mium concentration at the Naches site, in part, may
have resulted from construction of a walking
path/green way along the left bank, upstream and
downstream of the Naches site. Fill material was
placed into and alongside the right bank of the Naches
River as a foundation for an asphalt pathway.
Although, in this instance, the cadmium concentration
probably was affected to a larger degree by the con-
struction activity than by snowmelt; the snowmelt
conditions probably enhanced the cadmium concentra-
tion. The effect of snowmelt conditions on cadmium
concentrations was noted during an earlier sampling,
prior to construction activity. In December 1987—
again, during a period of winter warming and subse-
quent snowmelt runoff—dissolved cadmium (0.3
pg/L) was detected at the Naches site on the rising
limb of the streamflow hydrograph. This time, how-
ever, the concentration was similar to streamflow
enhanced by snowmelt at other fixed sites.

Load computations for cadmium were hampered
at mid- and lower-Yakima Valley sites by large
amounts of censored data (element concentrations
lower than the limit of determination). Consequently,
load estimates were made only for the Cle Elum and
Umtanum sites—sites with the most uncensored data.
In 1988 and 1989, the annual load of cadmium
between the Cle Elum and Umtanum sites increased 2
times (table 22), and the annual streamflow increased
by a factor of about 1.5. The increase in load was
primarily because of increases in streamflow and, to a















waterweed in Spring Creek at mouth at Whitstran as
well as concentrations as high as 0.9 pg/g in Curlyleaf
pondweed in Cherry Creek at Thrall (Fuhrer, Fluter,
and others, 1994). Cadmium in plant tissue at the latter
site and the detection of cadmium in filtered-water
samples in the Yakima River at Umtanum (located just
downstream from Cherry Creek) indicates that a
source(s) of cadmium exists in the Kittitas Valley.

Cadmium concentrations in benthic insects do
not exceed 0.25 pg/g (table 15). Several areas of cad-
mium enrichment, however, are evident in the
mid-Yakima Valley and in the Kittitas Valley at the
Cle Elum site (fig. 26). Cadmium concentrations as
high as 0.25 pg/g were found in Hydropsyche spp. in
Rattlesnake Creek above Little Rattlesnake Creek near
Nile and in Rattlesnake Creek above North Fork Rat-
tlesnake Creek near Nile. In relation to other sites in
the Yakima River Basin, cadmium concentrations also
were high in six other insect taxa in Rattlesnake
Creek. Additionally, of the two locations on Rattle-
snake Creek, concentrations were higher at the more
upstream station (Rattlesnake Creek above North Fork
Rattlesnake Creek near Nile) in four of the five taxa
common to both locations (Fuhrer, Fluter, and others,
1994). Cadmium (1 pg/g) also was detected in the
liver of rainbow trout from this site in 1989. These
data indicate that an upstream source of cadmium is
present in Rattlesnake Creek.

The median concentration of cadmium
(0.2 ug/g) in Hydropsyche spp. at the Cle Elum site,
although not as large as cadmium concentrations in
caddisflies in Rattlesnake Creek, is twice that deter-
mined from the 23 sites sampled in 1990. The high
concentration in caddisflies at Cle Elum also coincides
with concentrations of cadmium in filtered water that
were among the highest in the Yakima River Basin.

In 1989, rainbow trout sampled from the Waptus
River at mouth near Roslyn had a cadmium concentra-
tion of 1.1 pg/g, but rainbow trout sampled in the Jun-
gle Creek near mouth near Cle Elum had a cadmium
concentration of only 0.4 pg/g. In the American River,
the cadmium concentration in a predaceous stonefly
(Doroneuria spp.) was 3 to 16 times higher than con-
centrations in this taxon from any other location in
the Yakima River Basin. High concentrations of cad-
mium in the stonefly also coincide with the maximum
concentration of cadmium in streambed sediment
(0.8 pg/g) for the biological sampling sites. However,

cadmium enrichment in streambed sediment and
stoneflies did not correspond to cadmium enrichment
in the liver of rainbow trout or whole body sculpin—
both were below the limit of determination (0.2 pg/g).

Cadmium concentrations in most biological
samples from the Yakima River Basin indicate natural
background concentrations and were similar to con-
centrations reported by Lynch and others (1988) and
Cain and others (1992) for uncontaminated streams
(table 40, at back of report).

Cadmium, found in the liver of rainbow and
brook trout sampled from the Yakima River Basin in
1990, was near the mean concentration (0.18 pg/g)
found in the livers of cutthroat trout from an uncontam-
inated stream (Moore and others, 1991). Concentra-
tions of cadmium (1.0 pg/g) in rainbow trout from
Rattlesnake Creek and the Waptus River at mouth near
Roslyn were elevated relative to other sites in the Yak-
ima River Basin and coincided with higher concentra-
tions of cadmium in suspended-sediment and filtered-
water samples, but these concentrations were not
exceedingly high when compared to concentrations
observed in trout and other freshwater fish in Califor-
nia’s Toxic Substances Monitoring Program (Rasmus-
sen, 1992; McClenegham and others, 1981). Cadmium
found in the livers of other species of fish in the Yak-
ima River Basin rarely exceeded 0.5 pg/g. For compar-
ison, mean cadmium concentrations in northern pike
and white sucker from a “control” lake were 0.4 and
0.9 pg/g, respectively (McFarlane and Franzin, 1980).
Mean concentrations of cadmium, ranging from 0.12 to
0.92 pg/g (calculated from original wet- weight data;
Barak and Mason, 1990), were found in liver from five
species of fish: dace (Leueiscus leueiscus), chub
(Leueiscus cephalus), tench (Tinca tinca), perch (Perca
fluviatilis), and pike (Esox lucius). The species of fish
were collected from two rivers in England. Cadmium
in the livers of mountain whitefish and carp (1.43 and
2.55 ug/g, respectively) collected in the Yakima River
at Kiona were slightly higher than concentrations noted
in Barak and Mason (1990), possibly indicating an
increase in bioavailable cadmium at the Kiona site.
Some of these concentrations exceed and others are
near the 85th percentile concentrations reported in Cal-
ifornia’s Toxic Substances Monitoring Program (Ras-
mussen, 1992). Cadmium concentrations in Asiatic
clams in the Yakima River Basin were indicative of an
uncontaminated system. In the San Joaquin River in
California, for example, the concentrations of cad-
mium found in Asiatic clams (Corbicula fluminea)

99



CADDISFLIES STREAMBED SEDIMENT
EXPLANATION EXPLANATION
121°00° Cadmium, in 121400 Cadmium, in
micrograms micrograms
per gram per gram
) 0.05 o 02
Q® @ =
-—-- Canais ———- Canals
o 120°00° 120400’
- + & — -+

0 25 MILES

25 KILOMETERS

00’

0 25 MILES

25 KILOMETERS

Figure 26. Distribution of cadmium concentrations in caddisflies and streambed sediment, Yakima River Basin, Washington,
1987-90 (element concentrations are reported in units of micrograms per gram [ug/g], dry weight; symbol sizes are proportional
to element concentrations; the largest and smallest symbols, respectively, represent the high and low concentration end

members; only 1990 data are graphically represented for caddisflies; sample species: caddisflies [Trichoptera: Hydropsychidae

Hydropsyche spp.)).

from an area receiving minimal inputs of cadmium
were <1 ng/g (table 39, at back of report; Leland and
Scudder, 1990; Luoma and others, 1990).

Chromium and Nickel

Concentrations of chromium in streambed sedi-
ment of the Yakima River Basin range from 21 to
212 pg/g (table 12) and slightly exceed the 8.5 to
200 pg/g range of concentration which encompasses
95 percent of Western United States soils (R.C. Sever-
son, U.S. Geological Survey, written commun., 1987,
based on data in Shacklette and Boerngen, 1984). The
distribution of chromium concentrations at the biolog-
ical sites generally exceeded those determined from
analysis of fine-fraction streambed sediment in other
river basins of the United States (table 34, at back of
report).

Concentrations of nickel in streambed sediment
of the Yakima River Basin ranged from 9.0 to 260
pg/g (table 12); several sites had concentrations in
excess of the 3.4 to 66 ng/g range of concentration
which encompasses 95 percent of Western United

States soils (R.C. Severson, U.S. Geological Survey,
written commun., 1987, based on data in Shacklette
and Boerngen, 1984). Chromium concentrations as
high as 212 and 210 pg/g were found in the Teanaway
River below Forks near Cle Elum (site 5) and the
Yakima River at Cle Elum (site 6), respectively.
Similarly, nickel concentrations as high as 262 and
150 pg/g were found at these same sites, respectively.

Geologic sources of chromium exist in the
Wenatchee Mountains where the pre-Tertiary meta-
morphic and intrusive rocks geologic unit contains the
mineral chromite (Fuhrer, McKenzie, and others,
1994; Tabor and others, 1982; Gualtieri and Simmons,
1989; and Simmons and others, 1983). Fuhrer,
McKenzie, and others (1994) reported that concentra-
tions of chromium affected by the mineral chromite, in
streambed sediment of the pre-Tertiary rocks geologic
unit, ranged from 1,200 to 1,700 pg/g. Another natural
source of chromium and nickel in the northern part of
the Yakima River Basin is a 1.5-mile segment of the
Cle Elum River between Big Boulder Creek and
Camp Creck (upstream of Cle Elum Lake and in the
pre-Tertiary rock geologic unit) which contains out-
crops of nickel-chromium bearing ferruginous laterite
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(a highly weathered, iron-rich subsoil) [Lucas, 1975].
The enrichment of chromium and nickel at the Yakima
River at Cle Elum probably can be attributed to the
presence of chromite and ferruginous laterite. Chro-
mium and nickel enrichment along the geologic con-
tact between the pre-Tertiary rocks geologic unit and
the nonmarine sedimentary rocks geologic unit
(Lucas, 1975) probably is responsible for the enrich-
ment at the Teanaway River below Forks near Cle
Elum. Enrichment of chromium and nickel in stre-
ambed sediment of the pre-Tertiary rocks and the non-
marine sedimentary rocks geologic units has been
described in detail by Fuhrer, McKenzie, and others
(1994).

In addition to chromium and nickel enrichment
in some of the northern tributaries of the Yakima River
Basin, the upper reach of the main stem has similar,
but somewhat attenuated enrichment. The attenuation
or concentration decrease along the main stem is
attributed to sediment dilution—a decrease in element
concentration by the mixing of enriched streambed
sediment from (in this instance) a geologic source
with less enriched sediment from another geologic
source. For example, figure 27 shows enrichment of
chromium in streambed sediment of the Cle Elum

River (620 pg/g) and in streambed sediment of the
North Fork of the Teanaway River (212 pg/g); in addi-
tion, chromium was enriched along the main stem at
the Yakima River at Cle Elum (210 pg/g) and again
downstream at the Yakima River at Evergreen Farm
(160 pg/g). The concentration (64 pg/g) of chromium
at the Yakima River at Umtanum decreases sharply in
comparison to upstream main-stem concentrations.
The decrease in chromium concentration was attrib-
uted to dilution caused by sediment entering the main
stem from Wilson Creek, located a short distance
upstream of the Yakima River at Umtanum. Sediment
entering the main stem from Wilson Creek was formed
from chromium depleted Quaternary deposits and
loess and Quaternary flood deposits and contained
only 84 and 54 ng/g of chromium, respectively
(Fuhrer, McKenzie, and others, 1994). The similar
behavior of nickel and chromium was expected
because of the relation between nickel and chromium
in streambed sediment that originates from the
pre-Tertiary metamorphic and intrusive rocks geologic
unit.

Concentrations of chromium in suspended sedi-
ment at the seven fixed sites ranged from 28 to 160
ug/g (table 13 and fig. 28). The largest temporal varia-
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Figure 28. Distribution of chromium concentrations in
suspended sediment at fixed sites, Yakima River Basin,
Washington, 1987-90 (“Cle Elum” represents Yakima
River at Cle Elum; “Umtanum” represents Yakima River at
Umtanum; “Naches” represents Naches River near North
Yakima; “Union Gap” represents Yakima River above
Ahtanum Creek at Union Gap; “Sulphur Creek” represents
Sulphur Creek Wasteway near Sunnyside; “Grandview”
represents Yakima River at Euclid Bridge at river mile 55
near Grandview; and “Kiona” represents Yakima River at
Kiona).

tion for suspended chromium was measured in the
Yakima River at Umtanum—the interquartile range
for chromium was 37 pg/g (table 35, at back of
report). In contrast, the smallest temporal variation for
suspended chromium was found in Sulphur Creek
Wasteway near Sunnyside, where the interquartile
range was more than 6 times smaller than Umtanum.
Interquartile ranges also were small for sites in the

lower Yakima Valley. The large difference between the
distribution of chromium concentrations for the
Yakima River at Cle Elum and the Naches River near
North Yakima is attributed to geology. The Cle Elum
Subbasin has geologic sources of chromium, as high
as 1,700 ng/g in streambed sediment, whereas the
Naches River Basin does not contain a significant geo-
logic source of chromium (Fuhrer, McKenzie, and oth-
ers, 1994).

The large temporal variation in chromium con-
centrations for the Yakima River at Umtanum was
indicative of a change in the source of chromium, as
well as sediment dilution from chromium-poor sedi-
ment in agricultural lands in the Kittitas Valley. Large
concentrations of suspended chromium were mea-
sured during the non-irrigation season as well as dur-
ing the early and mid-irrigation season at the
Umtanum site. However, the concentrations of sus-
pended chromium decreased sharply in the late irriga-
tion season, during September and October (fig. 29),
which coincides with the curtailment of reservoir
releases upstream of the Umtanum site, including
those from Cle Elum Lake. The lowering of stream-
flow in the Kittitas Valley is a water-management
strategy designed to enhance salmon productivity by
forcing spawning salmon to make redds in portions of
the streambed that will be covered by water following
the irrigation season. Numerous streambed-sediment
samples collected in the Kittitas Valley indicate that
the Cle Elum River drainage was a probable source of
chromium to the main stem; furthermore, suspended-
chromium samples from the Yakima River at Cle
Elum (although sparse and collected only during the
non-irrigation season) were similar in concentration to
those found at the Umtanum site and indicated that the
Cle Elum River drainage is a probable source of chro-
mium to the main stem. Conversely, streambed sam-
ples collected in agricultural land-use areas of the
Kittitas Valley indicate that streambed sediment enter-
ing the main stem from the Kittitas Valley (especially
during the irrigation season) could decrease the sus-
pended-chromium concentrations in the main stem
(Fuhrer, McKenzie, and others, 1994). Decreases in
the Cle Elum River drainage’s contribution of chro-
mium to the main stem, as well as concurrent
increases in the proportion of chromium-depleted sed-
iment from agricultural areas in Kittitas Valley, are
possible causes for sharp declines in suspended-chro-
mium concentrations.
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Effects from the curtailment of reservoir releases
and the diluting effect of incoming sediment, also are
measurable in the Yakima River above Ahtanum
Creek at Union Gap. Although not as pronounced,
concentrations of suspended chromium at Union Gap
generally decrease during September and October
each year, when reservoir releases from the upper
Yakima Valley are curtailed. These decreases probably
result from reductions of suspended sediment,
enriched in chromium, from the Cle Elum River
drainage during September and October, as well as the
diluting effect of incoming suspended sediment,
depleted in chromium, from tributaries such as Wilson
Creek, Selah Creek, Moxee Drain, Wide Hollow
Creek, and the Naches River.

As the distance between sites on the main stem
and the sources of chromium in the Kittitas Valley
increase, concentrations of suspended chromium
decrease, especially during rain-on-snow events. Sam-
ples from the Yakima River above Ahtanum Creek at
Union Gap following rain or snow storms—two in
1989 and one in 1990 (fig. 30)—displayed lower con-
centrations of chromium compared to monthly sam-
ples. Lower chromium concentrations at the Union
Gap site were attributed to streambed sediment that
was formed in the Columbia River Basalt Group
Rocks geologic unit. The median streambed-sediment
concentration (40 pg/g; Fuhrer, McKenzie, and others,
1994) in this unit is low, and during rain-on-snow

storms, erosion from this unit probably reduces the
suspended-chromium concentrations at the Union Gap
site. During one of the storms (May 10, 1989), sus-
pended-chromium concentrations were measured in
two small tributaries (Squaw and Burbank Creek)
located upstream of the Union Gap site. These tribu-
taries were formed in the Columbia River Basalt
Group Rocks geologic unit and, as expected, the sus-
pended-chromium concentrations in these tributaries
(40 and 38 ug/g, respectively) are nearly identical to
that in streambed sediment from the Columbia River
Basalt Group Rocks geologic unit. The low concentra-
tions of chromjum in Squaw and Burbank Creek prob-
ably are indicative of concentrations in other mid-
Yakima Valley tributaries that, when combined, result
in lower chromium concentrations during event sam-
pling at the Union Gap site.

During some storms, intrasite variations in
suspended-chromium concentrations differed
between storm peaks and the periods before and after
storms. During a December 5, 1989 rain-on-snow
storm (hydrologically affecting all main-stem sites),
chromium concentrations in the Yakima River at
Umtanum were higher near the peak of the storm than
concentrations from monthly samples before and after
the storm (fig. 29). Conversely, during the same storm,
chromium concentrations in the Yakima River above
Ahtanum Creek at Union Gap were lower near the
storm’s peak than concentrations from monthly sam-
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Figure 30. Chromium concentrations in suspended sediment at the Yakima River above Ahtanum Creek at Union Gap,
Yakima River Basin, Washington, 1987-90 (shaded area represents the period of time when streamflow is reduced from
reservoirs upstream from the Yakima River at Cie Elum).

ples preceding and following the storm (fig. 30). background concentration of chromium in inland
Whether chromium concentrations increase or water and is low in comparison to the median
decrease near the peak of the storm probably is related  chromium concentration measured from the National
to the magnitude of the chromium source and the Stream Quality Accounting Network of the USGS
proximity of that source to the sampling site. Chro- (table 36, at back of report).

mium concentrations measured near the storm’s peak Median concentrations of nickel in suspended
at the Umtanum site probably increased because of the  gediment ranged from 17 to 89 pg/g at the fixed sites
close proximity between the site and sources of chro- (table 13) and the lowest and highest median values,

mium in the Cle Elum and Teanaway drainages inthe  respectively, were in the Naches River near North
Kittitas Valley. During the same storm, chromium con-  Yakima and Yakima River at Umtanum (fig. 31; and

centrations probably decréased near the peak of the table 35, at back of report). Similar to chromium, the
storm at the Union Gap site because chromium-rich largest temporal variation in suspended nickel was
sediment from the Kittitas Valley mixed with chro- measured in the Yakima River at Umtanum, where the

mium-poor sediment that entered the main stem from interquartile range for suspended nickel was 31 pg/g.
the Columbia River Basalt Group Rocks geologic unit  Concentrations of nickel also were variable in the

in the mid-Yakima Valley. Yakima River at Union Gap, where the interquartile
Chromium concentrations in filtered-water range was 18 pg/g. The concentrations and temporal
samples ranged from <0.5 to 1.1 pg/L at the seven variability for suspended nickel were reduced greatly
fixed sites (table 14). Chromium measurements were  in the lower Yakima Valley.
limited temporally and numerically among fixed sites; The concentrations of suspended nickel in the
26 measurements were made quarterly, primarily in Yakima River at Umtanum and the Yakima River at
1987. The highest chromium concentrations were Cle Elum indicate geologic sources of nickel. Nickel-
measured in the Yakima River at Cle Elum and at and chromium-enriched deposits exist for a distance of
Kiona (1.1 and 1.0 pg/L, respectively; table 37, at approximately 20 miles between the geologic contacts
back of report). The median chromium concentration of the pre-Tertiary rocks and the nonmarine sedimen-
among fixed sites (<0.5 pug/L) coincides with the tary rocks geologic unit (Lucas, 1975). Additionally,
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Figure 31. Distribution of nickel concentrations in
suspended sediment at fixed sites, Yakima River Basin,
Washington, 198790 (“Cle Elum” represents Yakima
River at Cle Elum; “Umtanum” represents Yakima River at
Umtanum; “Naches” represents Naches River near North
Yakima; “Union Gap” represents Yakima River above
Ahtanum Creek at Union Gap; “Sulphur Creek” represents
Sulphur Creek Wasteway near Sunnyside; “Grandview”
represents Yakima River at Euclid Bridge at river mile 55
near Grandview; and “Kiona” represents Yakima River at
Kiona).

streambed sediment in the headwaters of the Cle Elum
and Teanaway Rivers, respectively, contained nickel
concentrations as high as 1,800 and 1,900 pg/g,
respectively (Fuhrer, McKenzie, and others, 1994).
Although sources of nickel exist in the Cle Elum and
Teanaway River drainages, higher concentrations of
nickel were measured in the main stem at the
Umtanum site than at the Cle Elum site, because

higher concentrations of suspended nickel reached the
main stem from the unregulated Teanaway River than
from the Cle Elum River. The Teanaway River flows
into the main stem (RM 176.1) downstream of the
Yakima River at Cle Elum (RM 183.1) and upstream
of the Yakima River at Umtanum (RM 140.4). Wilson
Creek also flows into the main stem (RM 147), up-
stream of the Yakima River at Umtanum, but is an
unlikely source of suspended nickel, because the
median concentration of nickel in nine streambed-
sediment samples from the alluvial sediment of the
Kittitas Valley was 21 pg/g (Fuhrer, McKenzie, and
others, 1994). This concentration is only one third the
median concentration of nickel found in streambed
sediment in the headwaters of the Teanaway and

Cle Elum Rivers.

The potential contribution of suspended sedi-
ment from the Teanaway River to suspended-nickel
concentrations in the Yakima River at Umtanum was
evident during storms. During a January 29-31, 1989
storm, the daily mean streamflow increased from 505
to 1,290 ft*/s at the Yakima River at Cle Elum, from
202 to 931 ft¥/s at the Teanaway River below Forks
near Cle Elum, and from 891 t0 2,610 ft3/s for the
Yakima River at Umtanum. Near the peak of the storm
on January 31, 1989, the Teanaway River accounted
for 70 percent of the observed increase in streamflow
between the Yakima River at Cle Elum and the
Yakima River at Umtanum. The concentrations of sus-
pended nickel near the peak of the storm increased
from 66 pg/g at the Cle Elum site to 120 pg/g at the
Umtanum site. During storms, future samplings, that
include the Teanaway River, in addition to the Yakima
River at Cle Elum, and the Yakima River at Umtanum
are needed to measure the concentration and load of
suspended nickel in the Teanaway River.

During storms, suspended-nickel concentrations
are related inversely to the distance between the
geologic source and the sampling site. The Yakima
River at Cle Elum is affected by nickel and chromium
in serpentinized peridotite, an ultramafic rock (Fuhrer,
McKenzie, and others, 1994). During a December 3,
1989 rain-on-snow storm, the nickel concentration

- nearly doubled at the Cle Elum site near the peak of
the storm (fig. 32) but decreased at the Union Gap site.

Except for storms, the temporal variability for
concentrations of nickel at the Union Gap site was
similar to the Umtanum site. Nickel concentrations
between sites differ; however, at the Umtanum site,
nickel concentrations consistently exceeded those at
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Figure 32. Nickel concentrations in suspended sediment at the Yakima River above Ahtanum Creek at Union Gap and at
the Yakima River at Umtanum, Yakima River Basin, Washington, 1987—90 (“Union Gap” represents Yakima River above
Ahtanum Creek at Union Gap and “Umtanum” represents Yakima River at Umtanum).

the Union Gap site. The lower concentrations at the
Union Gap site (RM 107.2) probably resulted from the
mixing of nickel-depleted sediment, from tributaries
like the Naches River (RM 116.3) and waterways that
carry irrigation return flow such as Moxee Drain
(RM 107.6), with nickel-enriched sediment from the
Kittitas Valley. Concentrations of suspended nickel
abruptly decreased in September and October
1987-89, after the curtailment of reservoir releases in
the Kittitas Valley (fig. 32). Similar decreases, mea-
sured for suspended chromium, were expected be-
cause of existing chromium and nickel in ultramafic
rock in the Kittitas Valley (Fuhrer, McKenzie, and
others, 1994). Suspended-nickel concentrations at the
Umtanum site also increase statistically (p < 0.001) in
proportion to the concentration of suspended chro-
mium (fig. 33). This is consistent with the streambed-
sediment chemistry (Fuhrer, McKenzie, and others,
1994) and geologic sources (Tabor and others, 1982;
Gualtieri and Simmons, 1989) in the Kittitas Valley.

Chromium concentrations in fish and Asiatic
clams typically were less than 2 ug/g (table 15) and
varied little among sites in the lower Yakima Valley
and in tributaries in the mid-Yakima Valley (Fuhrer,
Fluter, and others, 1994). Chromium concentrations
in insects generally were lowest in Rattlesnake Creek
and in Umtanum Creek near the mouth at Umtanum
(table 23). Chromium enrichment, however, was
measured in aquatic insects in the North Fork
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Figure 33. Chromium and nickel concentrations in
suspended sediment at the Yakima River at Umtanum,
Yakima River Basin, Washington, 1987—90.
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Teanaway River (site 4). Depending on insect
species, concentrations of chromium in the North
Fork Teanaway River were 4 to 52 times higher
(concentrations ranged from 2.2 to 33.4 pg/g) than the
minimum concentrations measured in the Yakima
River Basin. Additionally, among the fish collected in
1989, the highest chromium concentration (2.0 pg/g)
was in fish collected from the Teanaway River below
Forks near Cle Elum. Fish were not collected at the
North Fork Teanaway (site 4).

Concentrations of chromium in most biological
samples from the Yakima River Basin were within
ranges observed in uncontaminated basins. However,
relatively high concentrations were detected in benthic
insects in the North Fork Teanaway River. The maxi-
mum concentration of chromium observed in benthic
insects (33 pg/g in a stonefly [Perlinoides sp.]) was
measured at the North Fork Teanaway River and
exceeded concentrations in uncontaminated systems
reported in other studies (table 40, at back of report).

Concentrations of chromium in Asiatic clams
were low because of the large distance between geo-
logic sources of chromium in the Kittitas Valley and
the sites sampled for Asiatic clams in the lower
Yakima Valley. Chromium concentrations in Asiatic
clams from the Yakima River were generally <2 pg/g
and were similar to concentrations reported for uncon-
taminated areas of the San Joaquin River in California
(Luoma and others, 1990; table 39, at back of report).
By comparison, chromium concentrations of 4 to
15 ng/g were detected in Asiatic clams in areas of the
San Francisco Bay estuary that are known to have
inputs of chromium from industrial sources (Luoma
and others, 1990). The chromium concentration in
rainbow trout liver, collected in 1989 from the Tean-
away River below Forks near Cle Elum, also exceeds
that for fish sampled in California’s Toxic Substances
Monitoring Program (Rasmussen, 1992).

The maximum concentration of nickel that was
detected in rainbow trout liver did not exceed 0.36
ug/g (Fuhrer, Fluter, and others, 1994). Nickel
concentrations in Asiatic clams generally are higher
than in fish, and concentrations are similar among sites
(table 24). Nickel concentrations in fish samples also
were similar among sites.

The maximum nickel concentration in benthic
insects was found in the North Fork Teanaway River
below bridge at Dickey Creek Campground (site 4).
Nickel concentrations from insect taxa collected at site
4 were 43 to 102 times greater (concentrations ranged

from 6.4 to 76 pg/g) than insect taxa collected from
other sites (Fuhrer, Fluter, and others, 1994). The cad-
disflies (Hydropsyche spp.) were not abundant enough
at site 4 to sample. Additionally, levels of nickel
enrichment for insects at site 4 were greater than any
other element examined. Fish were not sampled from
site 4 in 1990, and the limit of determination for
rainbow trout liver collected in 1989 was too high to
determine if trout livers were similarly enriched at site
4 (Fuhrer, Fluter, and others, 1994),

The presence of nickel in the Teanaway Subba-
sin also was evident in benthic insects in the main
stem of the Yakima River. The caddisflies (Hydrop-
syche spp.) collected at the Umtanum site represented
the maximum concentration (5.5 pg/g) for the Yakima
River Basin and also coincide with the highest con-
centrations of suspended nickel in the basin. Collec-
tively, high concentrations of nickel in caddisflies and
suspended sediment underscores the importance of the
Teanaway Subbasin as a source of nickel to the main
stem. Nickel concentrations in caddisflies generally
remained high in the main stem of the mid-Yakima
and lower Yakima Valley, instead of decreasing with
distance from the Teanaway Subbasin (fig. 34). This
enrichment may result from secondary contributions
of nickel from tributaries in the mid-Yakima and lower
Yakima Valley. Insects sampled at the mouths of some
tributaries (including Cherry Creek, Ahtanum Creek,
Spring Creek, Sulphur Creek, and Granger Drain)
were enriched moderately with nickel when compared
to tributaries at higher elevations in the western part of
the Yakima River Basin. For example, the nickel con-
centration (3.3 pg/g) in caddisflies (Hydropsyche
spp.) collected near the mouth of Ahtanum Creek,
which receives irrigation return flow and some urban
runoff, was more than 4 times higher than at the
upstream site (South Fork Ahtanum Creek above Con-
rad Ranch near Tampico) which does not receive irri-
gation return flow and is removed from urban effects.
The presence of nickel in these lower Yakima Valley
tributaries may indicate why nickel concentrations did
not decrease down the main stem, as might be
expected, if the Kittitas Valley is the sole source of
nickel.

Few data are available on nickel in benthic
insects; however, concentrations of nickel in several
taxa in the North Fork Teanaway River greatly
exceeded concentrations reported by Lynch and others
(1988) for combined insect samples collected
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CADDISFLIES STREAMBED SEDIMENT
EXPLANATION EXPLANATION
o Nickel, in 12100 Nickel, in
micrograms micrograms
per gram l per gram
[ ] 0.59 ® 9
. 55 ‘ 260
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Figure 34. Nickel concentrations in caddisflies and streambed sediment, Yakima River Basin, Washington, 1987-90 (element
concentrations are reported in units of micrograms per gram [pg/g], dry weight; symbol sizes are proportional to element
concentrations; the largest and smallest symbols, respectively, represent the high and low concentration end members;

only 1990 data are graphically represented for caddisflies; sample species: caddisflies [Trichoptera: Hydropsychidae

Hydropsyche spp.]).

upstream of a molybdenum mine (table 40, at back of

report).

Nickel concentrations in Asiatic clams
(Corbicula sp.) in the Yakima River were consistent
with concentrations reported by Leland and Scudder
(1990) for the San Joaquin River in California (table
39, at back of report). The consistently low
concentrations of nickel in the Yakima River and the
San Joaquin River may be indicative of natural
concentrations for Asiatic clams. Nickel in fish liver

sampled from the Yakima River Basin was within the

85th percentile concentration for fish sampled in
California’s Toxic Substances Monitoring Program
(Rasmussen, 1992).

Cobalt

Cobalt concentrations in fish and Asiatic clams

were generally less than 1 pg/g, and concentrations of

cobalt in benthic insects were higher and more
variable in the Yakima River Basin (table 15). The
highest concentrations in benthic insects were in the

South Fork of Ahtanum Creek (site 34) and in
Ahtanum Creek at Union Gap (site 31). At these sites,
concentrations in caddisflies (Hydropsyche spp.) were
9.1 and 6.2 pg/g, respectively, and approximately 6 to
9 times higher than the lowest cobalt concentration in
the Yakima River Basin (fig. 35). Comparative data
for fish are not available for these sites 31 and 34, but
cobalt in streambed sediment at site 34 was the
maximum concentration among biological sampling
sites. Cobalt concentrations at site 34 in benthic
insects were as much as 3 to 6 times higher than mean
concentrations reported for uncontaminated streams
(Elwood and others, 1976; Smock, 1983; table 40, at
back of report), indicating some benthic insects in the
Yakima River Basin have been enriched from geologic
sources of cobalt.

Maximum concentrations of cobalt also were

observed in other taxa (for example, caddisfly
[Arctopsyche sp.], and stoneflies [Doroneuria sp.,
Pteronarcys sp., and Hesperoperla sp.]) at either

the South Fork of Ahtanum Creek or Ahtanum Creek
(Fuhrer, Fluter, and others, 1994). High concentrations
of cobalt also were measured in caddisflies (Hydro-
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CADDISFLIES STREAMBED SEDIMENT
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Figure 35. Cobalt concentrations in caddisflies and streambed sediment, Yakima River Basin, Washington, 1987-90 (element
concentrations are reported in units of micrograms per gram [ug/gl, dry weight; symbol sizes are proportional to element
concentrations; the largest and smallest symbols, respectively, represent the high and low concentration end members;
only 1990 data are graphically represented for caddisflies; sample species: caddisflies [Trichoptera: Hydropsychidae

Hydropsyche spp.)).

psyche spp.) in Satus Creek below Dry Creek, Granger
Drain at mouth near Granger, and Sulphur Creek
Wasteway near Sunnyside. In the main stem of the
Yakima River, however, concentrations in insects, fish
and Asiatic clams (Corbicula sp.) were consistent and
relatively low among sites. Inputs of cobalt from some
of the enriched tributaries in the basin are apparently
diluted by other tributaries carrying lower cobalt
concentrations.

Copper

Concentrations of copper in Yakima River Basin
streambed sediment ranged from 17 to 96 pg/g (table
12) and slightly exceed the 4.9 to 90 pg/g range of
concentration which encompasses 95 percent of West-
ern United States soils (R.C. Severson, U.S. Geologi-
cal Survey, written commun., 1987, based on data in
Shacklette and Boerngen, 1984). Concentrations of
copper as high as 93 pg/g were found in streambed
sediment of the Naches River near North Yakima (site
26) and Wide Hollow Creek at West Valley Middle
School near Ahtanum (site 27). The 93 pg/g of copper

measured near West Valley Middle School was more
than twice the concentration in Wide Hollow Creek
(near the mouth) at the old Sewage Treatment Plant
and probably is the result of light urbanization and
industrialization. The median concentration of copper
at the biological sampling sites (20 pg/g) was as much
as two times that found in fine-fraction sediment from
other river basins in the United States, but the concen-
tration was similar to that found in fine-fraction sedi-
ment from randomly sampled lower-order streams in
the Yakima River Basin (table 34, at back of report).
Another source of suspended copper in the
Yakima River Basin was from the use of highly
insoluble, copper-bearing fungicides such as copper
hydroxide and copper oxychloride (Dennis Johnson,
Washington State University, Prosser Experimental
Station, oral commun., 1992). These chemicals are
registered for a broad array of uses, including
applications on alfalfa, grapes, and peaches (Poplyk,
1989). Although copper has a number of agricultural
uses in the basin and is known to readily associate
with clay and organic matter in streambed sediment,
copper concentrations in streambed sediment of the
main stem—as previously mentioned—are within the
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expected 95-percent range of copper concentrations
found in soils of the Western United States. However,
there does appear to be a geologic source of copper
within the Naches River drainage (fig. 36). In addition
to enrichment at the Naches River site, other sites
including American River at Hells Crossing near Nile
(site 13), Little Naches River at mouth near Cliffdell
(site 10), Rattlesnake Creek above North Fork
Rattlesnake Creek near Nile (site 22), and Rattlesnake
Creck above Little Rattlesnake Creek near Nile (site
21)—all of which flow to the Naches River—have
copper concentrations as high as 79, 48, 43, and

39 pg/g, respectively. Geologic sources of copper exist
in the basin; for example, copper enrichment as high
as 150 pg/g was reported in streambed sediment of a
tributary to Rattlesnake Creek (Fuhrer, McKenzie, and
others, 1994). Areas with reported copper enrichment
also contained anomalous concentrations of arsenic
and zinc; these areas of copper enrichment have been
described by Simmons and others (1983) as andesitic
tuff and breccia of the Ohanapecosh Formation.

Median concentrations of copper in suspended
sediment ranged from 40 to 60 pg/g at the seven fixed

sites and maximum concentrations were as high as
680 pg/g in the Yakima River at Kiona (table 13). The
largest variations of copper concentrations were found
in Sulphur Creek Wasteway near Sunnyside—the
interquartile range for suspended copper was 32 pg/g.

Concentrations of suspended copper in Sulphur
Creek Wasteway during the non-irrigation season gen-
erally were lower than concentrations measured during
the irrigation season (fig. 37).

Concentrations of suspended copper were signifi-
cantly correlated (p = 0.0001) to the percentage of
suspended sediment finer than 62 pm in diameter
and also were significantly correlated negatively
(p = 0.0001) to the concentration of suspended sedi-
ment. Thus, high concentrations of suspended copper,
associated with an increasing percentage of small-
grained-sized suspended sediment, were typical of con-
ditions during the non-irrigation season. Conversely,
the lower concentrations of suspended copper, associ-
ated with coarse-grained-sized suspended sediment and
high concentrations of suspended sediment in Sulphur
Creck Wasteway were typical of the irrigation season.
As expected, the concentrations of suspended copper
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Flgure 36. Copper concentrations in streambed sediment of the main stem and tributaries, Yakima River Basin,

Washington, 1987.
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Figure 37. Copper concentrations in suspended sediment
at Sulphur Creek Wasteway near Sunnyside, Yakima River
Basin, Washington, 1987—90 (shaded area represents the
irrigation season).

during the irrigation season are similar to the median
concentrations of copper (21 pg/g) measured in
streambed sediment of the Sunnyside Subbasin by
Fuhrer, McKenzie, and others (1994).

In most cases, the concentrations of suspended
copper in Sulphur Creek Wasteway were enhanced by
increasing quantities of fine-grained-sized suspended
sediment. This is typical of sediment dilution (the
mixing of copper-rich, fine-grained-size suspended
sediment with large quantities of copper-poor,
coarse-grained-size suspended sediment) rather
than changes in the source of copper between the
irrigation and the non-irrigation season. However,
two suspended-copper concentrations were in excess
of concentrations expected based on relations to
particle size and were considered anomalous (fig. 38).
These anomalies may be typical of extreme temporal
variability that is a characteristic of drainages
receiving trace elements from multiple sources,
including agricultural runoff, urban runoff, and
sewage-treatment plant effluent.

A concentration of 190 pg/g of suspended
copper was measured on June 21, 1988 during the
irrigation season at Sulphur Creek Wasteway near

SULPHUR CREEK WASTEWAY NEAR

SUNNYSIDE
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THAN 62 MICROMETERS IN DIAMETER

Figure 38. Copper concentrations in suspended sediment
and the percentage of suspended sediment finer than 62
micrometers in diameter at Sulphur Creek Wasteway near
Sunnyside, Yakima River Basin, Washington, 1987-90.

Sunnyside. This copper concentration was higher than
expected based on the relation between copper and
fine-grained sized suspended sediment. The concen-
tration of suspended lead measured in the same sample
had a near maximum (for Sulphur Creek Wasteway) of
41 pg/g—similar enrichment existed for cadmium.
High concentrations of copper, lead, and cadmium
may be indicative of sampling during a period of efflu-
ent discharge from the Sunnyside Sewage Treatment
Plant or urban runoff from the city of Sunnyside.
Although no data exist to characterize the trace-ele-
ment composition of Sunnyside Sewage Treatment
Plant effluent, data available for the city of Yakima’s
Sewage Treatment Plant indicate that unfiltered-water
samples of copper in treated effluent ranged from 8 to
30 pg/L (J. Schnebly, City of Yakima Wastewater
Treatment Plant, written commun., 1990). Assuming
the latter concentration also, at times, exists in Sunny-
side Sewage Treatment Plant effluent and using the
suspended-sediment concentration for the June 21
sampling at the Sulphur Creek site, effluent from only
the sewage treatment plant could account for more
than one-half the 190 ng/g of suspended copper mea-
sured at the Sulphur Creek site. Statistically significant
correlations exist between the concentration of sus-
pended copper in Sulphur Creek Wasteway and
arsenic (p <0.001), cadmium (p < 0.001), lead

(p £0.001), and silver (p < 0.001). These elements
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commonly are associated with sewage-treatment-plant
effluent; additionally, these trace elements are attrib-
uted to corrosion of pipes in urban-water-supply net-
works (Forstner and Wittman, 1979, p. 44).

Suspended-copper loads in Sulphur Creek
Wasteway near Sunnyside, unlike suspended-copper
concentrations, are larger during the irrigation season
than during the non-irrigation season. In 1989 for
example, the irrigation-season load of copper at the
Sulphur Creek site was 3 times higher than the non-
irrigation season load (table 25). Suspended-copper
loads also were high at the Sulphur Creek site during
the snowmelt season; however, a proportion of the
snowmelt load results from the spillage of excess
water from Roza Canal to Sulphur Creek Wasteway,
rather than from only agricultural runoff. The quantity
of water spilled is ungaged; consequently, the associ-
ated load cannot be accurately determined.

Annual loads of suspended copper were variable
among main-stem sites and, without exception,
suspended-copper loads were higher in 1989 than in
1988 (table 25), because annual-average streamflow
for the Yakima River at Kiona in 1989 was 20 percent
higher than in 1988. Between the Yakima River at
Umtanum and the Yakima River above Ahtanum
Creek at Union Gap, annual loads of suspended
copper increased more than 2 times. Loads decreased
between Union Gap and Grandview, probably as a
result of irrigation-season diversions to Wapato and
Sunnyside Canals. Loads increased from Grandview
to Kiona and again, the largest increase was measured
in 1989.

The suspended-copper load doubled between the
Umtanum site and the Union Gap site principally from
contributions of copper over a 9.1-mile reach that
extends from below the Naches River to the Yakima
River above Ahtanum Creek at Union Gap as well as
from the Naches River (the largest tributary in the
Yakima River Basin). Over this 9.1-mile reach,
sources of copper exist in Wide Hollow and the
Moxee Subbasins. Copper-bearing fungicides are used
in both subbasins (J.F. Rinella, unpub. data, 1996);
additionally, urban runoff and effluent from the city of
Yakima’s sewage-treatment plant are potential sources
of copper over this reach. In 1989, the Naches River
accounted for about one-fourth of the annual load of
copper measured at the Union Gap site; the 9.1-mile
reachs, however, accounted for nearly one-half the
annual load measured at the Union Gap site. During
the irrigation season and the non-irrigation season, the

loads over the 9.1-mile reach were similar (11 pounds
per day and 12 pounds per day, respectively).

For the Naches River near North Yakima, the
Yakima River at Euclid Bridge at RM 55 near
Grandview, and the Yakima River at Kiona, a majority
of the annual-suspended-copper load was transported
during the snowmelt season (table 25). In 1989, more
than one-half the annual copper load for the Naches,
Grandview, and Kiona site was transported during the
snowmelt season. In the Yakima River at Umtanum,
however, flow augmentation (by storage reservoirs in
the Kittitas Valley) probably affects the irrigation-
season load. In 1989, more than one-half the
suspended-copper load at the Umtanum site was
transported during the irrigation season.

Copper was determined in filtered-water samples
by atomic-absorption spectrometry with graphite
furnace and ranged in concentration from <0.5 to
20 pg/L at the fixed sites (table 14). Copper
concentrations, determined by induction-coupled
argon plasma at the 45 synoptic sites in July and
November 1987, were all below the limit of
determination (10 pg/L). The highest concentrations
of copper, typically, were measured in the Kittitas
Valley. The distribution of copper concentrations for
the Yakima River at Umtanum for example, exceeded
those of the other fixed sites (fig. 39; and table 37, at
back of report). Additionally, 25 percent of the copper
concentrations at the Umtanum site exceeded
background concentrations in inland waters (table 36,
at back of report). Although other fixed sites are in
close proximity to urban sources, none of these sites
exhibited percentile values of copper similar or as high
as the Umtanum site. For example, although the
Yakima River above Ahtanum Creek at Union Gap is
located downstream of the city of Yakima, the 75th
percentile value for copper at this site (0.9 pg/L) is
smaller than the median copper value for the
Umtanum site (1.3 pg/L).

The two highest copper concentrations, 20 pg/L
on October 12, 1989 and 7.4 ng/L on November 15,
1989, were measured in the Yakima River at
Umtanum—these copper concentrations exceeded the
acute and chronic criterion, respectively, derived for

8The load for the reach was determined by subtracting the
sum of the loads at the Naches and Umtanum sites from the
load at the Union Gap site; a correction was applied to the
Umtanum-site load to account for streamflow diverted around
the Union Gap site (by way of Roza Canal) during the irrigation
season.
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water of sediment is greater than that predicted based
on copper’s solubility product with sulfide complexes;
such behavior is attributed to the formation of humic-
copper complexes (Forstner and Wittmann, 1979, p.
252-253; Moore, 1991, p. 109-139). In July 1987,
dissolved oxygen in stream water at the Wilson Creek
site was depleted to 72 percent of saturation. Releases
of pore water from Wilson Creek streambed sediment
may be a potential source of copper to the main stem
during periods of low streamflow.

The distribution of copper concentrations at the
Cle Elum site was similar to that for the Umtanum
site. Higher concentrations generally were associated
with winter-storms—storm concentrations of copper
at Cle Elum were as large as 14 pg/L (fig. 40).
Additionally, copper concentrations in four of the five
sampled storms exceeded acute and chronic criteria
established for the protection of freshwater aquatic life
(table 7). Although flow augmentation from reservoirs
in the Kittitas Valley produces streamflow that varies
from approximately 1,000 /s to 3,500 ﬁ3/s;
associated copper concentrations only varied slightly
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Figure 40. Relation between copper concentrations in
filtered-water samples and streamflow for selected time
periods at the Yakima River at Cle Elum, Yakima River
Basin, Washington, 1987—90 (irrigation season occurs June
through September; snowmelt season occurs April through

May; non-irrigation season occurs October through March).

and generally were low from April through
September.

The spatial coverage for dissolved copper in the
Kittitas Valley was inadequate to separate geologic
sources of copper from anthropogenic sources. Storm
sampling, however, suggests that urban runoff also
may be a potential source of copper at the Cle Elum
site. This site was sampled on January 9 and 10, 1990
during a storm; samples were collected on the rising
limb and near the peak of the storm hydrograph, and
concentrations of copper were measured as 5.3 pg/L
and 3.0 ug/L, respectively (fig. 41). A similar pattern
was measured during the same storm for suspended-
copper concentrations—concentrations on the rising
limb and near the peak of the storm were 67 and
47 pg/g, respectively. The Cle Elum site, located 0.15
miles downstream from Crystal Creek, receives urban
runoff from the towns of Roslyn and Cle Elum,
sewage-treatment-plant effluent from the town of
Roslyn, and runoff from numerous open-pit coal
mines east of Roslyn. During the storm, Crystal Creek
created a turbidity plume which, during the rising limb
of the storm, obscured the shallow river bottom in the
main stem at the Cle Elum site. Streambed sediment in
the Crystal Creek drainage probably is not a geologic
source of copper, because the average concentration of
33 pg/g of copper in streambed sediment (Fuhrer,
McKenzie, and others, 1994) was low in comparison
to storm concentrations of suspended copper at the Cle
Elum site. Considering the close proximity of the Cle
Elum site to the inflow of Crystal Creek and the
apparent absence of a large geological source of
copper in the Crystal Creek drainage, urban runoff
may be a source of copper measurable in filtered-water
samples at the Cle Elum site.

Annual loads of dissolved copper generally were
consistent among main-stem sites. The largest
difference in loads of dissolved copper was measured
between the Yakima River at Cle Elum and the
Yakima River at Umtanum, where loads increased by
about 2 times (table 26). Increases between these sites
were not confined to any particular hydrologic season
and were uniformly distributed during the snowmelt,
irrigation, and non-irrigation seasons. Within 3.5 miles
downstream of the Union Gap site, more than 80
percent of the copper load is diverted into the Wapato
and Sunnyside Canals during the irrigation season.
Consequently, the irrigation-season load at the
Grandview and Kiona sites is affected by irrigation
return flow downstream of Parker.
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Figure 41. Copper concentrations in filtered-water
samples for the Yakima River at Cle Elum and the
Yakima River at Umtanum, Yakima River Basin,
Washington, 1989-90.

Copper-based pesticides are applied on an
annual basis in the lower Yakima Valley. During 1989,
an estimated average of 460 pounds per day of copper
in pesticide formulations was applied to the Yakima
River Basin—major crops that received pesticide
applications were hops, cherries, and pears (J.F.
Rinella, unpub. data, 1996). Although 330 pounds per
day (75 percent of the total copper in pesticide formu-
lations) was applied to the lower Yakima Valley, no
appreciable increase in copper load or copper concen-
tration was noted during the irrigation season at the
Grandview and Kiona sites. For example, during the
4-month irrigation season in 1989, the copper load at

the Grandview site was only 1,281 pounds, which
accounted for only 25 percent of the annual load. Sim-
ilarly, no appreciable increase in suspended-copper
load was noted earlier during the irrigation season at
either of these sites. In fact, the total load of copper (in
filtered water and suspended sediment) in the Yakima
River at Kiona in 1989 represented only 13 percent of
that applied to the basin in pesticide formulations.

The increase in copper concentration attributable
to pesticide application was estimated for the agricul-
tural soils of the Moxee Subbasin. The estimate was
made to determine if pesticide applications were large
enough to be measurable in streambed sediment of
Moxee Drain. Based on an application rate for Moxee
Subbasin of 88 pounds of copper per day and an agri-
cultural land-use area of 40 mi’ (J.F. Rinella, unpub.
data, 1996), soil concentrations were calculated for
pesticide-application periods of 10, 20, and 30 years.
To determine the volume of soils potentially affected
by pesticide applications, a till depth of 1 foot was
assumed. Furthermore, as a conservative estimate, 100
percent of the copper in the pesticide formulation was
assumed to be sorbed to soil. The concentrations of
copper in agricultural soils of the Moxee Subbasin
after 10, 20, and 30 years of pesticide application
would be expected to be 1.7, 3.5, and 5.2 pg/g, respec-
tively. By the time soils are eroded from agricultural
fields and mixed with streambed sediment that con-
tains copper at background concentrations, the affects
attributable to pesticide applications probably are not
measurable in streambed sediment. Similar findings
were true for other agriculturally affected subbasins
such as Ahtanum and Wide Hollow. These results
indicate that copper in pesticide formulations is not
likely to accumulate in significant quantities in stre-
ambed sediment nor will pesticide formulations repre-
sent a significant source or flux of copper leaving the
Yakima River Basin.

The Cle Elum, Umtanum, and Union Gap sites
have irrigation-season copper loads that account for a
large proportion of their respective annual loads and
that are large compared to snowmelt-season and
non-irrigation-season loads (fig. 42). In 1989 for
example, the irrigation season accounted for about 59
percent of the annual copper load and about 56 percent
of the annual streamflow at the Cle Elum site. The
similarity between the percentages of load and stream-
flow was expected because copper concentrations only
varied slightly with streamflow (with the exception of
storms) and, as stated above, generally were low from
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Figure 44. Distribution of copper concentrations in mountain whitefish livers, largescale sucker livers, rainbow trout livers,

caddisflies, and streambed sediment, Yakima River Basin, Washington, 1987—90 (element concentrations are reported in units
of micrograms per gram [pg/g], dry weight; symbol sizes are proportional to element concentrations; the largest and smallest
symbols, respectively, represent the high and low concentration end members; only 1990 data are graphically represented for
mountain whitefish, largescale sucker, rainbow trout, and caddisflies; sample species: mountain whitefish [Prosopium
williamsoni], largescale sucker [Catostomus macrocheilus], rainbow trout [Oncorhynchus mykiss], and caddisflies
[Trichoptera: Hydropsychidae Hydropsyche spp.]).
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Figure 44. Distribution of copper concentrations in moun-
tain whitefish livers, largescale sucker livers, rainbow trout
livers, caddisflies, and streambed sediment, Yakima River
Basin, Washington, 1987-90—Continued

concentrations (20 and 7.4 pg/L) in filtered-water
samples were measured at Umtanum in the fall, a
period characterized by low streamflows after the irri-
gation season. During this period, the Yakima River at
Umtanum is susceptible to episodic increases in con-
centrations of copper in filtered water. Among sites,
other factors, such as differences in fish length may
affect the distribution of copper in rainbow trout, how-
ever.

Overall, copper concentrations in most biologi-
cal samples from the Yakima River Basin were com-
paratively low and appear indicative of background
concentrations. The enrichment of copper in Wide
Hollow Creek and the Yakima River at Umtanum is
modest when compared to other river basins. For
example, the maximum concentrations in benthic
insects in the Yakima River Basin in 1990 generally
were lower than the mean concentrations reported for
aquatic insects from uncontaminated streams and riv-
ers (table 40, at back of report) [Cain and others, 1992;
Gower and Darlington, 1990; Lynch and others, 1988,
Miller and others, 1992]. The variation in copper con-
centration shown in table 40 indicates differences in
concentrations among sites and differences in copper

accumulation among different species. More direct
comparisons can be made with caddisflies (Hydrop-
syche spp.). Cain and others (1992) reported that the
mean and standard deviation for copper concentrations
in caddisflies (Hydropsyche spp.) from reference
streams in Montana were 18 + 0.4 ng/g. The Montana
reference mean is comparable to concentrations of
copper in caddisflies (Hydropsyche spp.) at all sites in
the Yakima River Basin except for the 1989 insect
sample (48 pg/g) from Wide Hollow Creek. Concen-
trations of copper in Wide Hollow Creek, although
high relative to caddisflies (Hydropsyche spp.) in the
Yakima River Basin were similar to those found in
aquatic insects in the least contaminated reaches of the
Clark Fork River in Montana (Axtmann and others,
1991; Cain and others, 1992).

Concentrations of copper in fish liver in the
Yakima River Basin also were not particularly high.
All fish-liver samples in the basin had copper concen-
tration that were lower than the 85th percentile
concentrations in salmonid and non-salmonoid fish
liver sampled in California’s Toxic Substances Moni-
toring Program (Rasmussen, 1992). In California’s
program, copper concentrations in salmonid and
non-salmonoids, respectively, were 680 and 52 ug/g
(calculated from original wet-weight data; Rasmussen,
1992). The concentrations of copper in rainbow trout
in Wide Hollow Creek (480 pg/g) and the Yakima
River at Umtanum (290 pg/g) were intermediate com-
pared to the 55 to 941 pg/g in the liver of rainbow
trout from California rivers (calculated from original
wet-weight data or percent-moisture data when avail-
able) [McCleneghan and others, 1980]. The highest
concentration reported by McCleneghan in rainbow
trout liver (941 pg/g) is from a reach of the Sacra-
mento River reportedly affected by acid mine wastes.
Moore and others (1991) reported a much lower con-
centration (15 pg/g) in cutthroat trout livers from an
uncontaminated stream, a concentration comparable to
that found in the only sample of cutthroat trout col-
lected in the Yakima River Basin (7.2 pg/g in the
South Fork of Ahtanum Creek above Conrad Ranch
near Tampico).

No evidence of copper contamination was found
in Asiatic clams in the Yakima River (table 39, at back
of report). In other studies of uncontaminated areas,
copper concentrations in Asiatic clams ranged from 20
to 40 pg/g (Luoma and others, 1990; Leland and Scud-
der, 1990). For comparison, copper concentrations in
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clams from contaminated areas were as high as 200
pg/g (Luoma and others, 1990).

Mercury

Concentrations of mercury in streambed sedi-
ment of the Yakima River Basin ranged from <0.2 to
0.6 ng/g (table 12). Approximately 10 percent of the
sites had mercury concentrations that exceeded the
baseline value (0.3 pg/g) for Yakima River streambed
sediment reported by Fuhrer, McKenzie, and others
(1994). Similarly, about 10 percent of the sites sam-
pled had mercury concentrations that exceeded the
0.008 to 0.25 ng/g range of concentration which
encompasses 95 percent of Western United States soils
(R.C. Severson, U.S. Geological Survey, written
commun., 1987, based on data in Shacklette and
Boerngen, 1984). The median concentration of
mercury at the biological sampling sites (0.1 pg/g)
also exceeded those determined from analysis of fine-
fraction streambed sediment in other river basins of
the United States (table 34, at back of report). Concen-
trations of mercury as high as 0.56 pg/g, 0.40 ug/g,
and 0.30 pg/g were found in streambed sediment of
Jungle Creek near mouth near Cle Elum (site 3),
Taneum Creek at Taneum Meadow near Thorp (site 8),
and the Naches River near North Yakima (site 26),
respectively.

Mercury enrichment at Jungle Creek near mouth
near Cle Elum, a tributary to the North Fork of the
Teanaway River, probably was from geologic sources.
Streambed sediment in lower-order streams of the
north, middle, and west forks of the Teanaway River
are enriched similarly (Ryder and others, 1992) and
indicate base-metal enrichment in sediment derived
from the nonmarine sedimentary rocks geologic unit,
which includes the Swauk and Roslyn Formations,
and the Miocene and older volcanic rocks geologic
unit, which includes the Teanaway Basalt (Fuhrer,
McKenzie, and others, 1994).

Similar to Jungle Creek, mercury in sediment at
Taneum Creek near Taneum Meadow probably
originates from geologic sources. Upstream,
concentrations of mercury in the fine-grained-sized
sediment in lower-order streams of the Taneum Creek
drainage were as high as 0.24 ug/g (Ryder and others,
1992). Mercury in the Naches River near North
Yakima probably resulted from geologic sources
present in sediment formed from the Miocene and
older volcanic rocks, Tertiary granitic and
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intermediate intrusive rocks, and marine sedimentary
rocks geologic units (Fuhrer, McKenzie, and others,
1994). The concentration of mercury in the Naches
River near North Yakima probably comes from
lower-order streams of the Naches River that are
affected by geologic sources of mercury (Fuhrer,
McKenzie, and others, 1994).

Based on three independent samplings, stre-
ambed sediment in Wide Hollow Creek contained
an average of 0.26 pg/g mercury. Mercury in Wide
Hollow Creek at the old Sewage Treatment Plant at
Union Gap (site 29) is probably from an anthropo-
genic source. Wide Hollow Creek drains urbanized
and industrialized lowlands in the vicinity of the city
of Yakima. Wide Hollow Creek lacks geologic sources
of mercury that are known to exist in streambed sedi-
ment derived from geologic sources, because its drain-
age is confined to the mercury-poor Quaternary
deposits and loess geologic unit, (Fuhrer, McKenzie,
and others, 1994).

Mercury concentrations in most fish samples
were less than 0.5 ug/g (table 15). Higher concentra-
tions of mercury were observed in mountain whitefish.
For a given species, higher concentrations of mercury
were measured in the Yakima River and in the Naches
River near North Yakima (site 26) than in tributaries
(table 28). For example, concentrations of mercury in
mountain whitefish ranged from 0.7 to 1.3 pg/g at sites
in the main stem and in the Naches River, compared to
only 0.4 pg/g at Cherry Creek above Wipple Waste-
way at Thrall (fig. 45).

Similar to mountain whitefish, concentrations of
mercury in the livers of largescale suckers were higher
at sites in the Yakima River (0.3 to 0.47 pg/g) and at
the Naches River near North Yakima (0.14 pg/g, site
26) than, for example, from the Satus Creek at gage at
Satus (0.05 pg/g, site 47). However, between species,
concentrations of mercury were smaller in livers of
largescale suckers than in livers of mountain whitefish
(table 15 and fig. 45). Concentrations of mercury in
largescale sucker also were lower statistically
(p £0.0001) than in mountain whitefish.

Mercury concentrations, during the 1990
sampling of rainbow trout liver from the Yakima River
at Umtanum (0.27 pg/g), were similar to those in Wide
Hollow Creek at the old Sewage Treatment Plant at
Union Gap, in Taneum Creek at Taneum Meadow near
Union Gap, and in Umtanum Creek near mouth at
Umtanum (0.33 to 0.38 pg/g) [fig. 45]. Lower
concentrations of mercury were found in trout from
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MOUNTAIN WHITEFISH LIVERS

LARGESCALE SUCKER LIVERS
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Figure 45. Distribution of mercury concentrations in mountain whitefish livers, largescale sucker livers, rainbow trout livers,
whole sculpins, and streambed sediment, Yakima River Basin, Washington, 1987—90 (element concentrations are reported in
units of micrograms per gram [pg/g}, dry weight; symbol sizes are proportional to element concentrations; the largest and
smallest symbols, respectively, represent the high and low concentration end members; only 1990 data are graphically repre-
sented for mountain whitefish, largescale sucker, rainbow trout, and sculpins; sample species: mountain whitefish [Prosopium
williamsoni), largescale sucker [Catostomus macrocheilus], rainbow trout [Oncorhynchus mykiss], and sculpin [Cottus spp.]).
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Figure 45. Distribution of mercury concentrations in
mountain whitefish livers, largescale sucker livers, rainbow
trout livers, whole sculpins, and streambed sediment,
Yakima River Basin, Washington, 1987—90—Continued

the South Fork of Manastash Creek (0.16 pg/g).
Mercury concentrations in whole sculpin from lower-
order tributaries ranged from 0.09 to 0.31 pg/g. The
highest concentrations of mercury existed in Naneum
Creek below High Creek near Ellensburg (site 7), in
Umtanum Creek near mouth at Umtanum (site 20),
and in Taneum Creek at Tanum Meadow near Thorp
(site 8); the latter sites also coincided with higher
mercury concentrations in rainbow trout.

The distribution of mercury concentrations in
samples collected in 1989 generally was consistent
with that in 1990. The highest concentrations of mer-
cury are in the liver of mountain whitefish in the
Yakima River at Cle Elum (0.91 pg/g). Lower concen-
trations of mercury existed downstream in the Yakima
River at Umtanum (0.6 pg/g) and in the Yakima River
at Kiona (0.58 pg/g). Mercury concentrations in
largescale sucker and rainbow trout were compara-
tively low (<0.4 pg/g). The highest concentrations of
mercury in rainbow trout were found in the Kittitas
Valley in Jungle Creek near mouth near Cle Elum
(0.32 pg/g) and in the Waptus River at mouth near
Roslyn (0.27 ng/g)—these sites were not resampled in

1990. The mercury concentrations in rainbow trout
liver at the Jungle Creek site, however, corresponded
to the concentration maximum (0.56 pg/g) for mer-
cury in streambed sediment at the biological sampling
sites. Caddisflies analyzed for mercury in 1989 had
concentrations of <0.2 ng/g. Additionally, concentra-
tions of mercury among all sites only varied by a fac-
tor of 3 (0.05 to 0.16 ng/g) with the highest con-
centrations at Rattlesnake Creek (0.16 ng/g) and Top-
penish Creek (0.10 pg/g). A slight downstream-
concentration gradient was apparent in samples from
the main stem. Concentrations of mercury were high-
est at the Cle Elum and Umtanum sites (0.090 and
0.080 ng/g, respectively), and lower in the Yakima
River at Parker, the Yakima River at Euclid Bridge at
RM 55 near Grandview, and at Kiona (0.066 to

0.070 pg/g).

The lower concentrations of mercury, in moun-
tain whitefish from Cherry Creek (0.4 pg/g) and in
largescale suckers from Satus Creek (0.05 pg/g), may
result when fish are physically smaller (fig. 46). Inter-
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Figure 46. Relation between fish length and mercury
concentrations of mountain whitefish livers and largescale
sucker livers, Yakima River Basin, Washington, 1990
(sample species: mountain whitefish [Prosopium
williamsoni} and largescale sucker [Catostomus
macrocheilus)).

site variations in size, however, do not account for all
the concentration variability. Variations in mercury
concentrations among larger fish from other sites were
relatively high; additionally, no significant correlation
among all sites existed between fish length and mer-
cury concentration. Thus, site differences were not
simply a function of fish size (age). For mountain
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whitefish, the variations in mercury content among
sites were perhaps best explained by considering the
quantity of mercury and total-organic carbon in
streambed sediment. Mercury in streambed sediment
has an affinity for sorption to organic material (Forst-
ner and Wittmann, 1979, p. 222). The quantity of mer-
cury relative to organic material has been shown to
affect the bioavailability of mercury to Asiatic clams
(Langston, 1982). Mercury concentrations in stre-
ambed sediment in the Yakima River Basin were nor-
malized to the concentrations of total-organic carbon
(ratio of mercury in micrograms per gram to
total-organic carbon in micrograms per gram) and
compared to mercury concentrations in fish liver. The
normalized value for the mouth of the Naches River
near North Yakima is 0.75 and was exceeded only at
the Parker site (0.84) where a mercury concentration
of 1.3 ng/g (the maximum concentration for biological
sites) was measured in the liver of mountain whitefish.
The ratio of mercury in mountain whitefish liver to
total-organic carbon is significantly correlated (p
<0.05) to mercury accumulation in the liver of moun-
tain whitefish in the Yakima River Basin (fig. 47). The
same relation, however, does not exist for mercury in
rainbow trout liver (fig. 47), possible because of dif-
ferences in lipid content between species and from dif-
ferences in age between species. Mountain whitefish
from main-stem sites generally were larger physically
(and presumably older) than the smaller (presumably
younger) rainbow trout from tributary sites (Fuhrer,
Fluter, and others, 1994).

Mercury concentrations in whole sculpin from
tributaries to the Yakima River were below 0.31 pg/g
which also is below the mean mercury concentration
for whole fish collected for the National Contaminant
Biomonitoring Program (0.4 pg/g, calculated from
original wet-weight data) in 1984 (table 38, at back of
report; Schmitt and Brumbaugh, 1990). Mercury
concentrations determined as part of the National
Contaminant Biomonitoring Program are generally
from near the mouths of large rivers and are more
likely to be affected by human activities than are
headwater tributaries in many of the streams in the
Yakima River Basin. In general, concentrations of
mercury greater than 0.5 pg/g appear to be indicative
of contamination (Saiki and May, 1988).

Mercury concentrations in fish liver have been
reported in several studies. Concentrations in uncon-
taminated tissue appear to be less than 0.5 pg/g. For
example, the livers of four species of fish, including
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